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A  KEROSENE  CABBUBETOB 

C.  E.  Summers,  'o6 

The  rapid  development  of  the  motor  industry  has 
drawn  heavily  upon  the  supply  of  fuel  adapted  for  use  in 
motors  as  now  constructed.  The  outlook  for  future  appli- 
cation of  portable  power  points  toward  even  greater  devel- 
opment. No  other  source  of  power  known  to  engineering 
science  seems  likely  to  supplant  the  explosion  type  of  motor 
in  this  field.  In  view  of  these  facts,  the  scientific  world, 
the  manufacturers,  and  the  public  have  been  inquiring  what 
fuel  can  be  produced  in  such  great  abundance  as  to  meet  the 
increasing  demand  without  reaching  a  prohibitive  price. 
Much  eflfort  has  been  expended  to  find  a  new  product  which 
will  be  a  cheap  substitute  for  gasoline  in  the  present  type  of 
motor,  or  to  produce  a  motor  or  method  of  carburetting 
which  will  make  the  heavier  petroleum  products  available 
as  fuels.  Alcohol,  benzol,  and  other  substitutes  for  gasoline 
have  been  tested,  but  owing  to  higher  cost  or  limitations  in 
production,  give  little  promise  of  relieving  the  situation. 

Kerosene  presents  the  most  likely  solution  to  the 
problem.  This  is  true  because  average  crude  oil  contains 
approximately,  twice  as  much  kerosene  as  gasoline,  and 
while  the  demand  for  gasoline  has  increased  many  fold 
during  the  last  decade,  the  demand  for  kerosene  has  nor- 
mally decreased.  Kerosene  diflFers  from  gasoline  principally 
in  the  physical  properties  of  greater  specific  gravity  and 
higher  boiling  point.  Kerosene  has  approximately  lo  per 
cent,  more  fuel  value  per  gallon  than  gasoline,  and  is  ob- 
tainable in  most  parts  of  the  country  at  less  than  one-half 
the  cost.    Because  of  these  natural  advantages,  the  e'flforts 
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of  most  experimenters  have  been  directed  toward  devising 
means  for  making  kerosene  available  as  a  fuel  for  internal 
combustion  motors. 

Manifolds  and  carburetors  as  now  constructed  are  de- 
signed for  fuel  which,  when  sprayed  into  the  air,  imme- 
diately vaporizes  and  is  carried  directly  with  the  air.  This 
condition  is  not  realized  when  kerosene  is  used,  since  its 
boiling  point  is  from  300  to  500  degrees  Fahrenheit.  If 
sufficient  heat  is  given  to  the  mixture  to  hold  the  kerosene 
in  a  state  of  vapor,  the  entire  charge  is  so  expanded,  due  to 
the  high  temperature,  that  the  horse  power  of  the  motor  is 
seriously  reduced.  If  we  apply  but  little  heat  to  the  mix- 
ture, the  fuel  is  only  partially  vaporized,  the  remainder 
creeps  as  a  film  on  the  walls  of  the  manifold,  feeds  into  the 
cylinders  irregularly  and  divides  between  them  unequally, 
resulting  in  little  power,  smoke,  large  fuel  consumption,  and 
generally  poor  results.  It  seems  evident,  therefore,  that  no 
device  could  be  attached  in  place  of  the  conventional  gaso- 
line carburetor  which  could  so  treat  kerosene  as  to  give 
perfect  results  if  the  charge  must  subsequently  be  elevated 
through  a  manifold  and  divided  between  the  cylinders  at 
random.  A  kerosene  carburetor  of  necessity  includes  a 
kerosene  manifold. 

The  device  with  which  this  paper  deals  has  been  de- 
signed with  a  view  to  elimmating  the  causes  which  have  led 
to  failure  or  meager  success  in  the  use  of  kerosene  in  the 
multi-cylinder  throttling  motor.  Fig.  i  shows  the  device  as 
applied  to  the  average  automobile  motor.  Its  essential 
elements  consist  of  the  measuring  member  A,  the  regulator 
B,  the  distributor  C,  the  vaporizer  D,  the  atomizer  E. 

It  is  noted  that  the  measuring  cylinder  A  is  rotated  by 
gear  connection  with  the  motor.  The  cylinder  is  immersed 
in  the  fuel  so  the  grooves  in  its  surface  fill  with  the  liquid, 
and  such  portion  of  the  contents  of  the  groove  as  is  above 
the  lower  edge  of  the  port  F  discharges,  due  to  gravity  and 
suction,  into  the  tube  G  which  communicates  with  the 
vaporizer  D.  The  distributor  C  rotates  synchronously  with 
the  cam  shaft  and  connects  the  vaporizer  successively  with 
each  of  the  four  tubes,  i,  2,  3,  and  4,  leading  to  the  atomizer 
cones  E  placed  beneath  the  intake  valve  of  each  of  the  four 
cylinders.  The  sequence  of  comr.unication  between  the 
heater  and  each  of  the  four  distributing  tubes  is  the  same 
as  the  firing  sequence  of  the  cylinders.  In  this  way  the  flow 
of  vaporized  or  partially  vaporized  fuel  is  simultaneous  with 
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the  indraught  of  air  through  the  perforations  of  the  atomiz- 
ing cones  E,  insuring  the  positive  introduction  and  thorough 
mixture  of  the  fuel  with  the  air  in  the  cylinder. 

The  regulator  B  is  the  vital  part  of  the  mechanism.  It 
consists  of  a  sealed  metallic  diaphragm  filled  with  air  and 
adapted  to  axial  expansion.     The  diaphragm  is  so  located 


Fi».  1. 

that  it  is  subjected  to  the  temperature  and  pressure  con- 
ditions existing  in  the  intake  manifold  and  consequently  in 
the  cylinder  during  the  intake  stroke.  The  air  sealed  within 
the  diaphragm  exerts  a  pressure  upon  its  yielding  walls 
which,  when  the  external  pressure  is  lowered,  causes  the 
diaphragm  to  expand.  An  increase  of  temperature  with 
constant  external  pressure  also  causes  expansion.  Thus  the 
length  of  the  diaphragm  becomes  an  accurate  index  to  the 
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volume  of  any  given  weight  of  air,  when  subjected  to  tem- 
perature and  pressure  variations.  The  change  in  the  length 
of  the  diaphragm  for  various  pressures  and  temperatures 
is  determined  experimentally,  and  the  volume  of  liquid  fuel 
necessary  to  enrich  the  piston  displacement  volume  of  air 
under  these  same  conditions  of  pressure  and  temperature  is 
calculated  or  determined  by  experiment.  Then  by  connect- 
ing the  diaphragm  with  the  feeding  cylinder  so  the  collapse 
of  the  diaphragm  brings  a  greater  length  of  the  fuel  slot 
into  discharging  relations  with  the  port  F,  and  by  giving 
such  form  and  variation  to  the  depth  of  the  slot  that  the 
volume  of  fuel  above  the  discharging  line  at  each  vertical 
position  corresponds  exactly  to  the  amount  required  to 
enrich  the  weight  of  air  being  taken  by  the  cylinder,  a  bal- 
anced charge  is  obtained.  It  will  be  noted  that  this  method 
of  fuel  feeding  is  independent  of  the  volatility  of  the  fuel. 
A  slightly  less  volume  of  kerosene  is  required  than  of  gaso- 
line, but  the  greater  viscosity  of  the  former  makes  its  dis- 
charge slightly  less  complete,  so  that  this  difference  is  com- 
pensated. 

In  Fig.  2,  the  curve  A-A,  co-ordinating  external  pres- 
sures and  lengths  of  the  diaphragm,  is  determined  experi- 
mentally by  varying  the  pressure  surrounding  the  sealed 
diaphragm  and  noting  the  length.  The  curve  B-B  is  also 
determined  experimentally,  and  co-ordinates  length  of  the 
diaphragm  against  internal  pressure  (gauge),  and  shows 
the  internal-external  pressure  difference  required  to  over- 
come the  elastic  resistance  of  the  walls  of  the  diaphragm 
for  various  degrees  of  expansion.  By  adding  the  ordinates 
of  these  two  curves  we  obtain  the  hyperbolic  curve  C-C, 
whose  equation  has  the  form  X  Y  =z  C.  Solution  of  the 
curve  locates  the  Y  axis. 

The  fuel  requirements  of  the  charge  at  constant  tem- 
perature vary  directly  with  the  absolute  pressure,  reaching 
zero  at  a  degree  of  vacuum  at  which  the  clearance  gases 
expand  to  fill  the  entire  cylinder  at  the  line  D-D,  Fig.  2. 
The  slope  of  tangents  drawn  to  the  curve  A-A  indicates  the 
rate  of  fuel  requirement  relative  to  the  diaphragm  varia- 
tions. Thus,  with  the  volume  of  the  groove  in  the  cylinder 
A  equal  to  the  volume  of  fuel  required  to  enrich  the  piston 
displacement  of  air,  the  variations  in  the  depth  of  the  groove 
conform  to  the  value  of  the  tangent  of  the  curve  A-A  for 
a  pressure  absolute  and  a  diaphragm  length  which  brings 
this  particular  point  of   the  groove  on   a   level   with   the 
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charging  line.  By  this  means,  not  only  can  a  balanced  pro- 
portion of  air  and  fuel  be  maintained,  but  any  variations  in 
the  proportion  found  desirable  can  be  given.  For  instance, 
at  full  load  of  quantity  of  fuel  can  be  fed  giving  maximum 
power,  while  at  lighter  loads  the  minimum  amount  of  fuel 
is  supplied,  giving  high  efficiency  and  insuring  clean  spark 
plugs. 

A  few  of  the  practical  advantages  of  the  carburetor 
are  as  follows : 

1.  A  perfectly  balanced  mixture  is  obtained  at  all 
times,  giving  maximum  efficiency. 

2.  The  device  is  self-adjusting  to  all  conditions  of 
load,  speed,  temperature  and  barometric  pressure,  thus  re- 
quiring no  manual  adjustment. 

3.  The  fuel  is  introduced  positively  into  each  cylinder, 
and  equally  distributed  between  the  cylinders. 

4.  The  introduction  of  the  fuel  through  a  separate 
tube  from  the  main  air  supply  permits  of  any  desired  heat 
treatment  without  overheating  the  entire  charge. 

5.  Mechanical  control  of  the  fuel  supply  makes  it 
possible  to  feed  a  lean  mixture  at  light  loads,  thus  insuring 
clean  spark  plugs,  and  yet  feed  a  mixture  for  maximum 
power  at  full  load. 

6.  Because  the  device  delivers  the  fuel  directly  to  each 
cylinder,  vaporized  and  in  its  right  proportion,  and  regulates 
automatically  for  temperature,  it  is  especially  adapted  to  use 
low  grade  fuels. 

7.  The  motor  starts  easily  in  cold  weather,  because  the 
fuel  is  delivered  directly  to  the  cylinder,  and  a  mixture  of 
full  richness  is  fed  when  the  motor  is  cold. 

In  practical  tests  covering  several  months  the  device 
shows  even  greater  economy  than  would  be  expected  from 
theoretical  considerations.  An  automobile  which  averages 
12  miles  per  gallon  of  gasoline  using  regular  carburetor 
equipment,  makes  22  miles  per  gallon  of  kerosene  when 
equipped  with  this  carburetor.  The  secret  of  this  economy 
lies  in  the  thorough  vaporization  of  the  fuel  and  the  intro- 
duction of  the  smallest  amount  which  will  give  the  desired 
result.  The  device  has  the  advantage  of  using  gasoline, 
kerosene,  or  any  mixture  of  the  two.  The  impossibility  of 
overfeeding  gives  it  a  remarkable  fuel  economy  whether 
using  gasoline  or  kerosene. 
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TTNUSUAL     STSUCTXTBAL     FEATXTBBS     OF     THE 

FLETCHER  SA VINOS  AND  TRUST  BXTILDINO 

INDIANAPOLIS,  INDIANA 

Louis  W.  Bruck,  '09 

The  Fletcher  Savings  and  Trust  Building  is  located 
at  the  corner  of  Market  and  Pennsylvania  Streets,  in  the 
heart  of  the  business  and  financial  district  of  Indianapolis, 
equally  distant  from  the  Federal  building,  City  Hall.,  County 
Court  House,  and  State  House,  and  within  two  squares  of 
the  four  leading  banks  of  the  city.  The  building  site  on 
which  it  stands  is  valued  at  480,000  dollars,  the  structure 
itself,  exclusive  of  any  interior  fixtures,  will  cost  about 
875,000  dollars.  The  building  lot  measures  97  feet  6  inches 
by  120  feet,  and  the  building  will  have  a  20  foot  basement, 
with  16  stories  above,  reaching  217  feet  6  inches  above  the 
street  level.  The  Fletcher  Savings  and  Trust  Company 
will  occupy  the  whole  of  the  lower  three  floors,  with  excep- 
tion of  the  store  room  space,  with  their  banking  room  and 
offices.  The  remaining  13  floors  will  be  leased  for  general 
oflfice  use. 

The  exterior  of  the  building  will  be  finished  with  white 
granite  up  to  the  fifth  floor  level,  above  which  Indiana  lime- 
stone is  to  be  used.  A  very  painstaking  eflfort  has  been 
made  to  impress  the  observer  that  the  building  is  a  bank  as 
well  as  an  office  building.  To  this  end,  a  great  deal  of 
emphasis  has  been  placed  on  the  bank  entrance  on  Market 
Street.  The  walls  have  been  set  back  three  feet  or  more  in 
the  three  lower  stories,  and  massive  granite  columns  intro- 
duced, 35  feet  high.  These  are  well  proportioned  and  serve 
in  their  arrangement  to  distinguish  the  banking  rooms  from 
the  remainder  of  the  building  in  a  very  pleasing  way.  The 
attainment  of  this  object  has  at  the  same  time  introduced 
one  of  the  principal  structural  difficulties,  for  the  steel  col- 
umns above  must  continue  down  inside  these  granite  col- 
umns, thus  unsupported  in  a  length  of  39  feet.  The  direct 
loads  on  these  columns  at  this  point  total  762,000  lbs. ;  and 
to  these  must  be  added  a  wind  moment  of  509,000  ft.  lbs. 
The  section  thus  obtained  becomes  excessive,  and  other 
means  must  be  resorted  to  rather  than  the  addition  of  cover 
plates  and  angles  to  the  existing  section.    This  presents  one 
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of  the  unusual  features  of  the  construction,  which  will  be 
described  in  detail. 

The  interior  of  the  banking  room  itself,  elaborate  in 
all  of  its  details,  is  responsible  for  other  difficulties.     Ap- 


Flg.   1. 

proximately  $100,000  is  to  be  expended  in  the  finishing  and 
decoration  of  this  one  immense  room,  which  the  trust  com- 
pany will  occupy.  Needless  to  add,  the  demands  of  the 
architects  in  designing  so  large  and  expensive  a  room  were 
very  exacting.  Reference  to  the  plan  of  the  room  will  show 
how  few  are  the  columns  and  how  symmetrically  they  have 
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been  placed  to  facilitate  the  working  out  of  certain  archi- 
tectural schemes.  In  order  that  the  elimination  of  columns 
above  the  banking  room  may  be  shown  more  plainly  they 
have  been  dotted  in  on  the  plan  of  the  room,  five  eliminated 
entirely,  and  7  shifted  in  position.  Ordinarily  the  shift- 
ing of  a  column  in  a  skeleton  frame  building  is  not  difficult, 
because  room  is  easily  obtained,  by  suspended  ceilings  or 
otherwise,  and  the  construction  easily  taken  care  of.  How- 
ever the  troubles  were  rather  complex  in  this  case.  Little 
room  was  allowed  for  the  necessary  girders,  and  the  con- 
struction for  that  reason  was  difficult. 

Fig.  I,  viewpoint  of  which  is  given  on  the  plan  of  the 
banking  room,  shows  one  of  the  unusual  cases  of  offsetting 
and  elimination  of  the  upper  columns.  The  double  six  foot 
girder  No.  3,  carries  columns  No.  24  and  25,  eliminating 
them  below,  while  column  No.  23,  supporting  girder  No.  3 
at  the  near  end  carries  also  the  smaller  girder,  No.  6^  the 
latter  made  necessary  by  the  offsetting  of  column  No.  23. 
The  second  column  in  the  view.  No.  24,  is  offset  in  a  similar 
manner  and  its  load  is  likewise  transferred  to  the  large  gir- 
der by  means  of  the  smaller  one.  An  unusually  small 
amount  of  working  space  was  available  for  the  depth  of 
girder  No.  6.  The  vertical  shear  in  the  near  end  of  this 
girder  is  about  640,000  lbs.  and  the  available  depth  for  the 
girder  was  28  inches.  The  compactness  of  the  metal  is  well 
shown  in  the  view,  as  well  as  the  close  spacing  of  the  rivets 
in  both  web  and  flange.  A  double  I  section  is  used  and 
each  of  the  two  girder  sections  has  four  web  plates,  two  in- 
side and  two  outside  of  the  flange  angles. 

It  will  be  noticed  in  Fig.  i,  that  the  end  connection  of 
the  girder  No.  3  is  riveted.  A  glance  will  immediately  sug- 
gest that  it  would  have  been  much  simpler  to  rest  the  girder 
on  top  of  the  column,  rather  than  running  the  column  up 
through  the  girder.  Some  very  difficult  riveting  would 
have  been  avoided  and  the  connection  made  much  easier 
in  the  drafting  room.  One  consideration,  however,  makes 
that  scheme  an  impossibility,  and  that  is  the  provision  for 
girder  No.  6,  having  a  reaction  at  this  end  of  640,000  lbs. 
and  coming  above  the  top  flange  of  the  larger  girder.  To 
transfer  this  load  down  through  the  end  of  the  girder  below 
by  means  of  milled  stiffeners  was  found  to  be  impossible 
because  not  enough  metal  could  be  assembled  in  the  space 
available.  The  only  other  expedient  was  resorted  to — that 
of  running  the  lower  column  up  through,  and  two  inches 
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above  the  top  flange  of  the  lower  girder  to  form  a  bearing 
connection  for  the  upper  girder. 

The  other  troublesome  feature  of  the  structural  steel 
work  was  brought  about  by  the  granite  columns  on  Market 
Street.  Fig.  2  gives  a  detailed  view  of  one  of  the  connec- 
tions along  Market  Street  at  the  fourth  floor,  near  and 
above  the  banking  room  entrance.  These  steel  columns  are 
entirely  encased  by  the  granite  columns,  which  at  the  outset 
prevents  any  connection  to  them  except  from  the  room 
side.  This  gives  a  free  length  of  about  39  feet  for  the  steel 
columns  which  have  a  direct  load  of  762,000  lbs.  to  be  com- 
bined with  a  wind  moment  of  509,000  ft.  lbs.  The  outside 
dimensions  of  the  columns  were  limited  by  the  channeling 
of  the  granite  to  16  inches.  To  find  a  section  limited  to 
these  figures  of  sufficient  strength  would  have  resulted  in 
a  section  both  inefficient,  and  with  excessive  thicknesses  of 
metal  in  both  web  and  flange  sides. 

Another  consideration  in  the  same  problem  suggested 
a  solution  in  itself.  It  was  that  of  providing  an  efficient  con- 
nection for  the  second  floor  girders  at  the  second  floor. 
These  girders  along  the  street,  it  will  be  remembered,  carry 
a  wall  which  was  set  back  over  three  feet  from  the  corre- 
sponding wall  above.  This  brought  them  two  feet  or  more 
from  the  columns  to  which  they  were  to  be  framed.  Be- 
cause of  the  architectural  features  it  was  not  permissible  to 
introduce  a  girder  for  framing  and  even  this  method  would 
not  have  given  opportunity  of  transferring  wind  stresses  to 
the  columns  at  this  floor.  One  means  of  accomplishing 
both  these  objects  was  to  place  an  auxiliary  column,  or  strut 
about  two  feet  inside  the  main  column  to  take  these  con- 
nections with  the  wind  stresses  at  that  level,  and  to  secure 
the  two  columns  together  by  means  of  tie  plates  along  their 
full  length.  This  method  was  adopted,  and  all  wind  stresses 
from  the  fourth  floor  down  were  transferred  to  these  aux- 
iliary columns.  The  main  section  then  carried  nothing  in 
the  39  foot  length  but  direct  load,  and  the  section  for  such 
a  load  was  easily  proportioned.  The  method  employed  of 
transferring  the  wind  stresses  at  the  fourth  floor  is  well 
shown  in  Fig.  2.  The  usual  wind-bracing-girder,  as  de- 
signed for  all  the  upper  floors,  is  carried  along  the  entire 
elevation,  and  connected  to  the  main  column  by  means  of  a 
gusset  plate  connection.  A  second  girder,  or  latticed  brac- 
ing is  framed  between  adjacent  auxiliary  columns,  and 
these  connected  to  the  outer  girder  by  horizontal  angle  brac- 
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ing.  The  inner  line  of  girders  has  no  load  but  that  of  the 
transferred  wind  stresses.  Unfortunately  it  cannot  be  ex- 
plained in  detail  in  this  article  how  much  this  solution  sim- 
plified the  working  out  of  the  connections  of  the  floor  beams, 
etc.,  in  the  shop  details. 


^'Typical  6u5^ef 
I    for  ^.3  6ir<^erj. 


Fig.   2. 


Another  feature  of  the  design  which  might  prove  of 
interest  because  its  use  is  not  yet  common,  is  that  of  placing 
the  splice  in  the  outside  columns  in  the  middle  of  the  story 
height — at  or  near  the  point  of  counter  flexure.  It  eliminates 
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the  necessity  of  having  very  heavy  splice  plates  designed  to 
take  the  full  amount  of  the  wind  moment  in  the  column.  An 
advantage  of  greater  importance,  however,  in  the  shop  is 


FiK.  3. 

Plan    of   Banking   Room. 


that  the  location  brings  the  splices  clear  of  any  gusset  plate 
connection  from  either  the  floor  above  or  below.  In  the 
ordinary  design,  with  the  splice  i8  inches  or  two  feet  above 
the  floor  line,  the  gusset  plate  connections  on  the  columns 
interfere  with  the  column  splice,  and  the  two  must  be  corn- 
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bined  in  the  field  connection — an  awkward  and  costly  de- 
tail, yet  one  which  usually  cannot  be  avoided. 

Such  in  brief  are  some  of  the  unusual  features  of  the 
structural  design  of  the  building.  They  are  not  stupendous, 
nor  entirely  new  and  original  in  solution,  but  they  are  un- 
usual, and  as  such  they  may  prove  of  interest  as  illustrating 
some  of  the  problems  presented  to  the  structural  engineer, 
for  which  he  must  have  ready  solution.  He  must  prove  his 
value  in  solving  such  difficulties  quickly,  yet  with  the  care 
and  understanding  of  the  methods  and  materials  available 
that  will  render  his  scheme  speedy  of  solution,  economical 
in  cost,  and  efficient  in  service. 


Digitized  by 


Google 


20  Purdue  Engineering  Reviezv 

THE  LAW  OF  CONTRACTS 

W.  E.  Stark,  '14 

All  business  is  conducted  through  the  medium  of  con- 
tracts, and  whether  it  be  the  ordinary  affairs  of  domestic 
life  controlled  by  simple  agreements  or  the  erection  of  great 
public  works  controlled  by  carefully  prepared  contracts,  the 
same  law  and  the  same  principles  apply.  Without  the 
medium  of  contracts  business  would  be  at  a  standstill.  No 
man  is  able  to  take  his  place  successfully  in  business  without 
some  knowledge  of  contract  law.  The  writing  of  specifica- 
tions should  be  considered  along  with  the  drawing  of  con- 
tracts. The  contract  is  a  proper  task  for  the  engineer,  in 
that  it  must  be  drawn  with  reference  to  the  specifications  so 
that  they  may  have  the  force  and  effect  desired.  If  the 
specifications  are  drawn  up  by  the  engineer  and  the  contract 
by  the  attorney,  conflicts  will  arise  frequently  owing  to  each 
man's  ignorance  of  what  the  other  has  in  mind.  Between 
the  two  evils,  lack  of  legal  knowledge  and  lack  of  technical 
knowledge,  the  former  is  often  regarded  as  the  less  im- 
portant and  the  contract  is  left  to  be  drawn  by  the  engineer. 
A  contract  prepared  without  regard  for  the  legal  principles 
is  almost  certain  to  lead  to  litigation  either  on  account  of  a 
misunderstanding  of  the  legal  liabilities  of  the  parties  in- 
volved or  of  the  failure  to  make  the  contract  binding. 

To  assume  the  obligations  arising  from  a  contract,  the 
law  provides  that  the  parties  shall  observe  certain  formal- 
ities and  that  their  intentions  shall  be  made  known  by 
certain  acts  that  may  be  made  a  matter  of  record.  There 
are  four  essential  elements  to  a  binding  contract,  namely, 
two  parties  with  the  ability  to  contract;  a  lawful  consider- 
ation ;  a  lawful  subject  matter ;  and  a  mutual  understanding 
between  the  parties.  If  a  contract  does  not  contain  all  four 
of  these  principles,  it  is  not  binding  and  will  not  be  upheld 
by  any  court. 

The  ability  of  a  person  to  contract  is  not  hard  to  de- 
termine. The  only  people  who  have  any  special  privileges 
in  regard  to  contracts  are  infants — infants  being  men  under 
twenty-one,  women  under  eighteen,  drunkards,  lunatics,  and 
sailors.  If  a  contract  is  injurious  to  the  interests  of  an 
infant  it  is  absolutely  invalid,  but  if  it  operates  for  the 
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infant's  good  it  must  be  fulfilled  or  its  equivalent  given 
when  the  infant  becomes  of  age.  Sailors  are  especially 
protected  by  federal  law.  If  a  sailor  incurs  a  debt  of  more 
than  one  dollar  while  he  is  on  a  voyage,  it  cannot  be  col- 
lected. In  some  courts,  married  women  and  bankrupts  are 
free  from  obligations  of  contract. 

A  contract  should  always  state  clearly  the  residence  of 
the  parties  as  well  as  the  place  where  the  contract  is  drawn, 
since  the  laws  eflfecting  its  execution  may  depend  on  these 
things  to  a  large  extent.  For  instance,  a  contract  drawn  in 
one  state  to  be  performed  partly  in  that  state  and  partly  in 
another  will  be  governed  by  the  law  of  the  state  in  which 
it  was  made,  but  a  contract  drawn  in  one  state  to  be  per- 
formed wholly  within  another  state  will  come  under  the 
laws  of  the  state  in  which  it  is  performed.  A  contract 
cannot  be  enforced  by  any  legal  act  unless  some  consider- 
ation is  involved.  The  law  does  not  permit  the  contracting 
of  doing  something  for  nothing.  The  consideration  may  not 
necessarily  be  money.  It  may  be  the  surrender  of  a  right  or 
a  privilege  or  the  promise  to  do  a  certain  thing.  If  the 
consideration  of  a  contract  is  an  act,  the  performing  of  that 
act  cannot  be  taken  as  the  consideration  for  a  second  con- 
tract. Taking  a  concrete  case,  if  a  workman  is  on  a  contract 
job  which  he  quits  for  some  reason  before  he  has  finished  it, 
the  promise  to  complete  the  job  for  a  premium  will  not  be 
upheld  by  the  courts.  The  finishing  of  the  job  was  the 
consideration  for  one  contract  and  cannot  be  made  the  con- 
sideration for  the  second.  There  is  a  diflFerence  between  a 
promise  in  consideration  of  some  future  act  and  a  promise 
in  consideration  of  a  promise  to  perform  some  act  in  the 
future.  If  an  owner  says  to  a  builder,  "I  will  pay  you  ten 
thousand  dollars  to  build  me  a  house/*  and  the  builder 
answers,  **All  right,'*  the  promise  to  pay  cannot  necessarily 
be  realized  upon  until  the  house  is  built.  The  owner  may 
call  the  deal  oflF  before  the  house  is  completed  and  the 
builder  may  not  be  able  to  collect  a  cent.  On  the  other 
hand,  if  the  owner  says,  "I  agree  to  pay  to  you  ten  thousand 
dollars  if  you  agree  to  build  me  a  house,"  the  contract  is 
perfectly  valid  since  it  is  supported  by  a  present  consider- 
ation and  not  a  future  one. 

Now  comes  the  question  of  lawful  subject  matter. 
Contract  law  requires  that  the  obligations  assumed  shall  be 
lawful  acts  or  undertakings  within  the  written  law  of  the 
land;  that  they  shall  be  in  harmony  \\'\ih  the  policy  of  the 
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government  and  with  gcx)d  society ;  and  that  their  execution 
shall  be  possible.  The  consideration  must  not  be  one  pro- 
hibited by  law.  A  contract  must  not  tend  to  influence  legis- 
lative bodies  or  public  oflficers  in  the  discharge  of  their 
duties  and  it  must  not  have  for  its  object  the  perversion  of 
the  courts  or  the  obstruction  of  justice.  Agreements  to  pay 
money  to  witnesses  to  remain  out  of  court  will  not  be  en- 
forced. Contracts  made  for  the  making  of  jmblic  utilities 
before  the  franchise  is  obtained,  or  contracts  between  build- 
ers to  refrain  from  bidding  against  each  other  are  illegal. 
A  man  cannot  by  contract  forfeit  certain  rights  and  privi- 
leges which  the  law  guarantees  him.  Contracts  by  which 
persons  agree  not  to  demand  damages  for  injuries  or  negli- 
gence, such  as  the  contracts  of  railroads,  express,  and 
telegraph  companies,  which  seek  to  limit  their  responsibility 
in  case  of  accidents,  have  frequently  been  set  aside  by  the 
courts.  The  fact  that  a  man  riding  on  a  free  pass  signs  an 
agreement  to  release  the  carrier  in  case  of  injury  to  the 
passenger  does  not  mean  necessarily  that  he  cannot  collect 
damages  in  the  event  that  he  is  injured  in  case  of  accident 
while  a  passenger.  A  case  in  point  is  that  of  the  Indian- 
apolis Traction  and  Terminal  Company  versus  Isgrig,  ad- 
ministratrix, in  the  Appellate  Court.  The  court  affirmed  a 
former  decision  granted  in  favor  of  the  defendant,  stating, 
in  its  opinion,  that  a  common  carrier  created  as  such  by  law, 
cannot  contract  against  liability  for  negligence.  This  case 
arose  on  account  of  the  death  of  a  conductor  in  the  employ 
of  the  company  while  riding  on  his  transportation  slip. 

The  last  essential  element  of  a  binding  contract  is  the 
mutual  understanding  between  the  parties  as  to  the  terms  of 
the  agreement.  If  it  can  be  proved  that  a  mutual  under- 
standing is  lacking  the  mere  signing  of  an  agreement  will 
not  make  it  operative.  For  instance,  an  engineer  draws  up 
two  contracts  for  the  approval  of  his  company.  Both  of 
them  are  signed  and  sealed  and  the  company  elects  to  de- 
liver one  of  them,  but  by  mistake  delivers  the  other.  If  the 
company  can  prove  that  it  did  not  intend  to  deliver  the  one 
that  was  sent,  there  is  no  contract.  A  contract  subject  to 
the  conditions  of  some  future  agreement  is  held  as  not 
binding  since  the  parties  have  not  yet  agreed  as  to  the  future 
conditions.  It  might  seem  from  the  consideration  of  these 
statements  that  any  ingenious  man  could  evade  a  contract, 
but  such  is  not  the  case.  The  misunderstanding  must  be 
one  that  any  man  of  ordinary  sense  would  be  liable  to  fall 
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into,  and  could  convince  a  jury  that  there  was  an  actual 
misunderstanding. 

It  may  seem  that  some  points  upon  which  a  contract 
might  depend  would  be  decidedly  hard  to  bring  out  to  the 
court's  satisfaction.  To  aid  in  the  interpretation  of  con- 
tracts and  to  prevent  fraud  and  perjury,  statutes  have  been 
enacted  which  require  that  important  contracts  must  be 
attended  by  certain  ceremonies  which  may  be  cited  in  court 
as  evidence.  On  account  of  the  loss  of  certain  evidence 
through  the  elapse  of  time  other  statutes  have  been  passed 
whereby  the  period  of  liability  of  the  parties  is  limited. 
Most  states  require  that  contracts  relating  to  the  transfer  of 
lands  and  construction  work  must  be  made  a  matter  of 
public  record.  It  is  required  in  some  states  that  all  con- 
tracts and  specifications  be  recorded.  The  statute  requiring 
that  certain  contracts  be  in  writing  in  order  to  be  enforced 
by  court  decisions,  especially  those  involving  more  than  fifty 
dollars  in  value,  is  known  as  the  Statute  of  Frauds.  This 
law  usually  contains  a  section  governing  sales,  wherein  it  is 
stated  that  a  contract  for  the  sale  of  goods  is  not  effective 
unless  part  of  the  goods  has  been  delivered  or  a  partial 
pa>Tnent  has  been  made.  When  the  statute  specifically 
states  that  the  contract  must  be  in  writing,  neither  party 
has  any  recourse  in  court  if  this  provision  is  not  observed. 
The  statute  limiting  the  time  during  which  a  contract  obli- 
gation operates  is  known  as  the  Statute  of  Limitations.  It 
is  the  purpose  of  the  principles  of  this  type  of  statute  to 
compel  the  contracting  parties  to  enforce  their  rights  or 
abandon  them  in  a  reasonable  time.  Such  provision  gives 
security  to  business  and  makes  unnecessary  the  indefinite 
retaining  of  receipts  and  like  evidence.  By  its  rulings,  the 
plaintiff  is  denied  the  privilege  of  enforcing  his  former 
rights  after  the  elapse  of  the  prescribed  number  of  years. 
However  the  action  only  is  affected  and  not  the  defense. 
Thus  a  defendant  may  show  that  a  contract  was  procured 
by  fraud  even  though  the  statutory  limit  has  passed. 

It  should  be  kept  in  mind  that  in  drawing  up  a  contract 
very  close  attention  should  be  paid  to  the  essential  elements. 
When  the  contract  is  completed  it  should  be  reviewed  care- 
fully to  see  that  it  does  contain  these  features  of  a  binding 
agreement,  and  that  it  is  within  the  statutes  limiting  the  law 
of  contracts.  The  preparation  of  a  contract  is  not  a  thing 
to  be  done  hastily  and  the  spending  of  a  few  hours  of  time 
may  mean  the  saving  of  many  dollars. 


Digitized  by 


Google 


24  Purdue  Engineering  Review 

TRACK  BECONSTBUCTION 

J.  R.  McKay,  'ii 

During  the  summer  of  1905  there  were  constructed 
several  miles  of  street  railway  track  of  the  beam  type  con- 
struction in  Fort  Wayne.  A  concrete  beam  six  inches  deep 
runs  the  entire  length  of  each  rail.  On  the  assumption  that 
the  beam  would  be  strong  enough  to  carry  the  track  vertical- 
ly, ties  were  spaced  every  five  or  six  feet  apart  except  at 
joints  where  two  ties  were  spaced  very  close  to  each  other. 
It  seems  that  the  tie  was  counted  upon  to  prevent  the  spread- 
ing of  rails  and  not  to  distribute  the  load  to  any  great  extent. 
Reference  to  Fig.  i  which  is  an  isometric  drawing  of  one 
track  on  a  street  where  there  is  double  tracking,  will  show 
the  most  salient  features  of  this  type  of  construction.  All 
the  track  so  constructed  in  this  city  has  proved  a  failure. 
At  the  present  time  there  is  left  to  be  reconstructed  only 
a  few  miles  of  both  single  and  double  track  of  this  type. 
Most  of  this  is  in  such  a  condition  that  it  will  have  to  be 
replaced  within  the  next  year.  It  is  ujx^n  the  reconstruc- 
tion of  over  4,000  feet  of  double  track  of  this  type  that  this 
article  shall  be  concerned. 

Before  discussing  the  reconstruction  of  the  beam  type 
of  track  it  might  be  interesting  to  note  some  of  the  features 
concerning  its  failure.  The  most  glaring  fact  was  that  for 
almost  its  entire  length  the  track  was  lower  than  the  adjoin- 
ing pavement  by  several  inches.  In  some  instances  the  track 
was  as  much  as  four  or  five  inches  below  the  pavement  on 
either  side.  Only  recently  on  some  of  the  traqk  which  is 
still  in  and  is  to  be  replaced  as  soon  as  spring  opens,  it  was 
necessary  to  shim  the  rail  up  seven  inches  in  order  to  per- 
mit cars  to  run  over  the  spot.  This  fact  in  itself  shows 
that  the  beam  was  very  inferior  to  most  ordinary  types  of 
construction  and  that  there  was  not  sufficient  width  in  the 
beam  to  properly  sustain  the  load  and  transmit  it  to  the  sub- 
surface whose  bearing  power  is  poor.  At  joints,  where  there 
was  considerable  vertical  motion,  the  beams  would  break, 
and  during  wet  weather,  under  the  continuous  rise  and  fall 
of  the  track  as  cars  passed  over  these  points,  the  subsoil 
would  work  its  way  to  the  surface  through  the  beam  and 
pavement.    When  the  concrete  beams  were  removed  it  was 
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found  that  in  many  cases  they  were  broken  between  the  wide 
spaced  ties. 

To  overcome  the  various  bad  features  of  the  beam  type 
and  to  provide  a  roadbed  which  will  stand  interurban  and 
heavy  city  traffic,  a  standard  type  of  construction  as  shown 
in  Fig.  2  has  been  adopted. 

The  stability,  pemianence,  and  maintenance  of  any 
street  pavement  depend  upon  its  foundation.  If  the  founda- 
tion weakens  in  any  way,  the  surface  will  soon  settle  un- 
equally. If  the  street  be  one  in  which  street  railway  cars 
are  run  this  settling  soon  manifests  itself  in  the  breaking 
of  the  bond  between  the  pavement  and  track  construction. 
However,  surface  failure  may  be  due  to  poor  materials  and 
workmanship  independently  of  a  good  foundation.  The 
essentials  necessary  for  the  construction  of  a  solid  unyield- 
ing foundation  are  a  firm  subsoil  and  proper  drainage.  The 
nature  of  the  subsoil  will  to  a  large  extent  determine  the 
character  of  the  construction  to  be  used. 

The  drainage  of  the  track  in  a  paved  street,  as  that  of 
a  steam  railroad,  is  one  of  the  most  important  items  in  the 
economical  maintenance.  Under  the  increased  loading,  the 
rail  tends  to  deflect  and  consequently  the  bond  breaks  and 
permits  water  to  enter  the  foundation,  which  if  not  properly 
drained  will  at  once  displace  the  subsoil  and  break  down  the 
entire  construction.  The  drainage  is  cared  for  by  sub- 
drainage  and  surface  drainage.  The  subsoil  is  drained  by 
a  line  of  four  inch  vitrified  ring  tile  placed  in  the  center  line 
of  the  track.  The  tile  is  surrounded  by  crushed  stone  to 
permit  the  water  to  collect  and  enter  the  open  joints  of  the 
tile  without  carrying  soil  with  it.  The  more  solid  and  com- 
pact the  subsurface  is  made  the  better  the  drainage  will  be. 
Hence  before  the  under  drainage  is  placed,  the  soil  is  thor- 
oughly rolled  with  an  eight  ton  roller.  This  rolling  also 
furnishes  a  firm  foundation  for  the  concrete  slab. 

The  surface  drainage  is  cared  for  by  drips  which 
are  connected  with  the  city  sewerage  system  by  eight  inch 
vitrified  pipe  lines.  The  drips  are  placed  at  breaks  in  grades 
on  downward  slopes  and  where  there  is  a  slope  of  such 
length  as  to  warrant  the  reducing  of  distances.  The  small 
four  inch  drain  lines  are  connected  to  the  outlets  of  the 
drips.  Thus  the  water  which  may  get  below  the  track  con- 
struction and  that  which  collects  along  the  rails  in  the 
flange-way  spaces  is  adequately  taken  care  of. 
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To  carry  a  heavy  intenirban  car  without  crushing  and 
to  prevent  joints  from  loosening,  a  foundation  of  concrete 
of  varying  thickness  and  seven  feet  six  inches  wide  is  used. 
This  foundation  is  of  a  1 13 :5  mix  and  in  the  work  of  the 
past  summer  it  was  eight  inches  thick.  In  order  that  there 
may  be  sufficient  elasticity  to  j)ermit  cars  to  ride  easily  and 
not  jar,  a  cushion  of  two  inches  of  crushed  stone  is  placed 
on  the  concrete  foundation.  In  places  where  it  is  desired 
that  there  be  great  rigidity,  the  surface  is  obtained  by  block- 
ing up  the  track  and  then  pouring  a  wet,  rich  grout  beneath 
the  ties.     The  blocking  is  subsequently  removed. 

White  oak  ties  6  x  8  in.  by  7  ft.  spaced  two  feet  on 
centers  are  employed  in  the  standard  of  construction  now 
used.  The  7  in.  91  lb.  T-rail,  60  feet  long,  is  heavier 
and  stiffer  than  that  formerly  used  and  therefore  will  retain 
a  permanent  alignment  and  grade.  Such  a  rail  also  reduces 
vibrations  and  deflections  to  a  minimum  and  prevents  the 
rapid  deterioration  that  would  result  in  the  use  of  a  lighter 
section.  Its  height  permits  the  placing  of  a  brick  under  the 
ball  and  permits  of  a  better  appearing  pavement.  A  60  foo* 
rail  while  not  so  easily  handled  as  the  shorter  ones  reduces 
the  number  of  joints  50  per  cent,  and  gives  a  smoother  track. 
All  joints  are  cast  welded  at  an  additional  cost  of  more  than 
250  per  cent,  above  the  cost  of  ordinary  splices.  A  brick 
surface  between  tracks  and  i  foot  outside  of  the  outer  rails 
is  used  in  every  class  of  pavement.  The  chief  reason  for 
this  is  that  when  it  becomes  necessary  to  open  the  track  for 
any  purpose  the  brick  can  be  removed  easily,  and  replaced 
with  less  cost  and  damage  to  the  appearance  of  the  street 
than  is  the  case  with  other  types  of  pavement. 

The  track  constructed  upon  plans  of  the  more  recent 
standard  construction  is  located  on  a  street  which  is  the 
artery  of  traffic  for  practically  the  whole  rural  district  south- 
west of  the  city.  During  the  improvement  of  this  street 
it  was  necessary  to  keep  at  least  one  side  open  to  traffic,  and 
one  track  had  to  be  available  for  city  and  interurban  car 
operation.  Because  of  these  facts  it  was  necessary  to  carry 
the  work  on  with  the  greatest  dispatch. 

The  work  of  excavating  was  done  with  a  Thew  shovel 
having  a  capacity  of  ^  of  a  yard.  With  a  work  car  and 
gondola  at  hand  this  shovel  operated  by  a  competent  engi- 
neer was  able,  in  spite  of  constant  interruptions,  to  remove 
on  the  average  200  cubic  yards  of  material  per  day.  Not 
only  did  the  shovel  tear  out  all  the  old  concrete  beams  but 
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the  ties  as  well.  More  work  was  done  at  a  very  much  lower 
cost  than  would  have  been  possible  by  hand.  The  cost  of 
removing  this  material  by  hand  would  have  exceeded  a 
dollar  a  yard  as  the  beams  were  of  such  dimensions  that 
they  could  not  have  been  handled  without  first  breaking 
them  into  suitable  sizes.  The  shovel  did  its  work  so  well 
that  only  two  men  were  needed  to  follow  up  and  do  the  fine 
grading.  Perhaps  the  most  valuable  feature  of  the  shovels 
work  was  the  time  saved. 

As  soon  as  the  shovel  had  finished  enough  of  the  exca- 
vation to  insure  that  the  concrete  mixer  would  not  catch  up, 
the  work  of  placing  the  foundation  was  commenced.  The 
mixer  used  was  of  one  bag  capacity  and  was  run  by  a  motor^ 
which  took  current  directly  from  the  trolley  wire.  This 
machine  with  a  gang  of  18  men  and  a  foreman  was  able  to 
lay  nearly  500  feet  of  foundation  per  day.  After  the  con- 
crete had  aged  sufficiently  (one  week  or  10  days),  the 
track  laying  gang  started  the  placing  of  ties  and  rails.  After 
placing  500  feet  of  track  it  was  surfaced.  The  grade  could 
not  be  obtained  in  every  case  from  the  adjoining  pavement 
as  it  was  no  longer  on  a  uniform  slope.  It  was  necessary 
to  take  levels  over  a  distance  of  several  hundred  feet  and 
then  fit  a  grade  to  the  conditions  differing  as  little  as  ix)ssi- 
ble  from  the  original  grade. 

Immediately  after  the  track  had  been  surfaced  and 
lined,  the  mixer  which  had  already  reached  the  far  end  of 
the  track  was  removed  to  the  starting  end  and  the  work  of 
concreting  the  ties  in  place  and  putting  down  the  pavement 
foundation  was  commenced.  This  work  progressed  almost 
as  rapidly  as  did  the  work  of  laying  the  slab  foundation  so 
that  it  was  not  long  before  the  paving  gang  was  able  to  start 
its  work. 

Before  the  paving  was  begim  the  joints  were  cast 
welded.  A  gang  of  12  men  with  a  foreman  were  able  to 
cast  about  36  joints  per  day.  The  welder  used  consisted  of 
a  cupola  mounted  on  wheels  with  a  steam  engine  attached 
for  creating  the  necessary  power  for  blast.  All  joints  were 
ground  off  smooth  by  an  electric  grinder  made  by  the  Ker- 
win  Machine  Company.  This  machine  is  automatic  and  can 
grind  20  to  25  joints  per  day  depending  upon  the  hardness 
of  the  rails. 

After  the  entire  west  track  had  been  completed,  work 
was  started  on  the  east  track  and  carried  out  along  the 
same  lines.     The  organization  on  this  work  was  excellent 
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and  because  of  the  efficient  management  both  tracks  were 
completed  and  opened  to  traffic  within  a  little  over  three 
and  one-half  months,  in  spite  of  the  fact  that  the  work  was 
hampered  by  bad  weather.  The  track  and  pavement  are  the 
equal  of  any  in  the  city  and  will  without  doubt  stand  up 
under  a  good  many  years  of  hard  wear. 

SUMMARY  OF  ACTUAL  COSTS 

Excavation  (including all  materials  and  labor) 

per  cu.  yd $0.39 

Track  Work  (materials  and  labor  for  remov- 
ing and  relaying)  per  ft.  single  track 1.96 

Special  Work  (one  left  hand  turnout,  total 
length  84  ft.  with  labor  for  installing) 
per  ft.  of  track  turnout 6.54 

Cast  Welding  and  Grinding  per  Joint 5.08 

Drainage  per  foot  of  single  track 0.16 

Concrete  per  cubic  yard 3.68 

Paving  (materials  and  labor  for  laying  sur- 
face only)   1.09 

General  Expenses  (Engineering,  Watchmen, 

etc.,  per  foot  of  track o.io 

Overhead  (changing  trolley,  etc.)  per  foot  of 

single  track    0.009 

Average  co^  of  entire  work  per  foot  of  single 

track    515 

Average   estimated   cost   per   foot   of    single 

track    5.62 

Net  saving  per  foot  of  single  track 0.47 
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AN  AMERICAN  STUDENT  S  IMPRESSION  OF  A 
GERMAN  ENGINEERING  SCHOOL 

G.  A.  Wainwright,  'ii 

**Purdue  University?  There  is  no  such  a  thing.  I  am 
quite  familiar  with  the  geography  of  America  and  there  is 
no  state  named  Purdue."  This  was  my  own  rather  dis- 
couraging reception  at  a  German  technical  school  and  it 
almost  led  me  to  believe  that  registrar's  clerks  are  of  a  cold 
and  suspicious  nature  the  world  over. 

I  found  it  quite  impossible  to  pass  the  outer  guard  with 
my  Purdue  credentials,  but  on  presentation  of  my  high 
school  diploma — a  very  pretentious  and  elaborate  document 
— I  was  immediately  treated  with  the  deference  which 
should  be  due  the  proprietor  of  such  a  paper.  My  Purdue 
diploma  might  be  all  right — he  still  had  his  doubts  that  I  was 
working  a  confidence  game — but  unless  I  could  prove  that 
I  had  attended  a  high  school,  I  was  not  of  the  elect.  His 
misunderstanding  of  course  arose  because  of  the  fact  that 
their  H ochschule  is  in  reality  the  high  school  of  the  country, 
and  since  the  entrance  requirements  for  foreigners  require 
the  attendance  at  some  high  school  he  was  not  aware  that  in 
our  use  of  the  term  it  is  a  misnomer.  This  is  merely  an 
example  of  the  red  tape  which  all  German  public  institutions 
permit  to  hamper  them.  The  American  student's  first  im- 
pression is  that  there  is  an  inexcusable  lack  of  system  to  the 
whole  organization.  This  idea  gradually  gives  way  to  a 
doubt  as  to  whether  or  not  there  is  really  too  much  system ; 
so  much  that  the  place  is  involved  and  entangled  in  it  until 
the  whole  effect  is  that  of  hopelessly  intertwined  red  tape. 
When  one  considers  the  appalling  fact  that  the  process  of 
matriculation,  which  we  require  about  twenty  minutes  to 
complete,  there  consumes  five  days,  it  is  easy  to  believe 
that  at  least  something  of  office  efficiency  has  been  sacrificed 
to  departmental  formulae. 

My  references  here  will  be  largely  to  the  Konigliche 
Technische  Hochschule  zu  Berlin  as  I  am  more  familiar 
with  the  details  of  it  than  with  any  other.  First  your  cre- 
dentials must  be  filed  and  receipted  for  in  the  office  of  the 
secretary.  At  the  same  time  he  takes  from  you  a  deposition 
concerning  your  personal  and  family  history  that  is  nothing 
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if  not  complete.  }io  little  detail  can  escape  this  inquisitive 
question  blank  which  covers  everything  from  the  social  rank 
of  your  grandparents  to  the  number  of  murderers  in  your 
immediate  family.  There  intervenes  then  about  two  weeks 
while  a  no  less  personage  than  the  Minister  der  Geistlichen 
Angelegenheiten  considers  your  credentials.  The  first  real 
important  step  in  matriculation  then  occurs  when  you  have 
your  prescribed  personal  meeting  with  the  rector.  He  is  an 
awe-inspiring  potentate  who  may  be  addressed  only  as  Buer 
Magnificence,  and  on  the  occasion  of  this  first  meeting  he 
grasps  each  new  student  by  one  hand  and  thrusts  into  the 
other  a  bundle  of  entrance  papers  and  a  small  library  of 
rules  and  regulations;  after  which  he  gives  a  short  address 
of  welcome  strangely  reminiscent  of  what  many  American 
college  presidents  say  on  similar  occasions.  The  student 
then  lists  the  subjects  he  chooses  to  take  on  a  paper  fur- 
nished for  the  purpose  and  turns  it  in  to  the  registrar  for 
him  to  calculate  the  fees.  Each  course  is  paid  for  indi- 
vidually and  the  instructor  usually  shares  in  the  money 
which  is  paid  by  his  classes.  A  very  wise  provision  is  made 
in  the  collection  of  a  trifle  for  the  academic  sick  fund  which 
insures  the  student  free  medical  attention  and  very  cheap 
medicines  and  nursing. 

After  only  a  short  delay — two  or  three  days — the  paper 
containing  the  student's  planned  work  is  returned  to  him, 
and  a  day  or  so  later  an  opportunity  given  to  pay  the  fees. 
The  paper  need  be  signed  by  the  head  of  the  general  science 
department  and  each  professor  under  whom  work  has  been 
elected  and  the  student  is  ready  to  start.  The  choice  of  sub- 
jects is  left  absolutely  to  one's  own  sweet  will.  The  cata- 
logue even  apologizes  for  grouping  them  under  department 
headings,  saying  that  in  so  doing  it  is  not  attempting  to  in- 
fluence or  restrict  the  student's  choice  of  subjects,  but  begs 
to  recommend  what  is  a  very  good  course.  To  one  who 
has  ever  attended  a  school  where  the  catalogue,  with  full 
knowledge  and  consent  of  the  faculty,  plainly  intimates  that 
you  ''may  take  the  following  named  subjects  in  the  follow- 
ing named  order,  or  you  may  seek  your  education  else- 
where," this  becomes  a  real  lark.  To  be  sure,  in  order  to 
qualify  for  an  examination  a  certain  li«t  of  things  must  have 
been  taken,  but  if  the  student  prefers  to  take  the  senior  year 
first  or  chooses  to  spread  the  four  years'  work  out  over 
eight,  no  great  obstacle  will  be  placed  in  his  way. 
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Attendance  is  also  purely  elective.  If  you  attend 
classes,  no  one  will  know  it,  nor  will  they  if  you  do  not. 
There  are  no  roll  calls.  In  the  beginning  the  rector  advises 
the  student  to  attend  classes  **as  often  as  convenient/'  but 
there  is  no  attendance  committee  to  encourage  the  adoption 
of  this  advice.  Men  occasionally  attend  only  the  two  times 
a  semester  which  are  necessary  for  the  signing  of  their 
Anmcldehogen  and  trust  to  home  study  and  diligent  cram- 
ming to  pass  the  examinations.  In  technical  schools  there 
are  two  of  these  examinations:  a  preliminary  after  two 
years  and  a  final  at  the  end  of  four,  which  when  passed 
leads  to  the  degree  of  Diplom-Ingenieur.  These  are  most 
thorough  and  grilling  affairs  and  it  is  safe  to  say  that  with- 
out real  knowledge  of  the  subjects  they  are  impossible. 
They  are  both  written  and  oral  and  the  final  thesis  or  Arbeit 
must  be  an  enormous  affair  and  represent  practically  a 
year's  hard  work.  The  oral  quiz,  though  held  in  the  morn- 
ing, must  be  attended  in  full  evening  clothes  by  both  stu- 
dents and  professors.  They  regard  this  the  most  important 
moment  in  a  man's  life  and  they  do  not  propose  to  have  the 
dignity  of  the  occasion  marred  by  anything  as  frivolous  as 
a  red  necktie. 

The  most  lavish  thing  about  a  German  school  is  the 
vacations.  The  school  even  starts  with  one!  For  three 
weeks  after  the  announced  opening  of  school,  not  a  class  is 
held.  The  German  people  present  a  strange  paradox  in 
their  observance  of  rules.  It  is  well  known  how  implicitly 
they  obey  their  signs  of  ''verboten"  and  how  countless 
absurd  regulations  are  adhered  to  to  the  letter,  simply  be- 
cause they  are  regulations,  and  yet  in  other  cases  hard  and 
fast  laws  are  consistently  ignored  for  years  without  any 
apparent  reason.  Their  Christmas  vacation,  nominally  of 
two  weeks  becomes  three  in  practice  and  a  like  period  at 
Easter  stretches  into  a  month.  Frequently  other  single  days 
and  week  ends  are  interspersed  throughout  the  year  and 
make  quite  a  large  total:  Thanksgiving,  Ascension  Day, 
Whitsuntide,  the  Kaiser's  birthday,  etc.  At  the  end  of  the 
school  year  the  students  commence  going  home  two  weeks 
to  a  month  before  the  real  closing  date  and  the  professor 
himself  calmly  closes  up  shop  and  quits  when  the  last  one 
has  left. 

The  actual  work  done  is  almost  exclusively  by  lecture 
and  in  laboratories.  A  view  is  shown  of  a  large  lecture 
room  in  Konigliche  Technische  Hochschulc  zti  Berlin.    The 
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large  circle  to  the  left  is  a  picture  screen.  The  projection 
apparatus  is  directly  in  front  of  it  and  hence  may  be  oper- 
ated by  the  lecturer  without  an  assistant.  The  black-board 
is  in  three  sections,  each  of  which  may  be  raised  inde- 
pendently by  hydraulic  pressure  to  permit  those  in  the  rear 
to  see  the  entire  board.  In  some  cases  the  colloquium  and 
seminar  correspond  in  a  fashion  to  our  recitations,  but  these 
occur  in  only  a  few  subjects.  It  is  in  the  personnel  of  the 
lecturers  that  the  great  and  incalculable  superiority  of  the 


A   Lecture   Room. 


German  technical  school  over  the  American  is  manifested. 
These  men  are  the  acknowledged  superiors  in  every  line  of 
work  in  the  Empire.  When  a  man  has  done  so  much  and 
accomplished  so  many  things  that  the  nation  is  at  a  loss 
how  further  to  reward  him,  he  is  presented  with  the  title  of 
"Professor"  and  he  becomes  a  man  apart,  for  this  is  an 
honor  respected  and  revered  as  no  other  in  civil  Hfe.  I  h'^ve 
in  mind  a  man  who  rose  from  the  ranks  as  a  shop  foreman, 
through  factory  superintendencies  and  managerships  until 
his  fame  was  nation-wide  and  he  was  regarded  in  the  me- 
chanical world  as  a  marvel  of  skill  and  inventiveness,  and 
when  through  his  wonderful  organizing  ability  he  had  at- 
tained to  a  place  in  industry  second  almost  to  none,  he 
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received  a  royal  command  from  the  Kaiser  to  go  to  Char- 
lottenburg  and  teach  school.  It  speaks  much  for  the 
efficacy  and  good  standing  of  a  school  system  when  a  man 
like  the  betitled  Herr  Geheimer  Oberregicrungsrat  Profes- 
sor Doctor-Ingenieur  honoris  causa  A.  Martens,  a  man 
whose  connection  with  the  steel  industry  will  never  be  for- 
gotten, still  cares  to  ally  himself  with  the  instructional  staff 
of  a  technical  academy. 

Germany  takes  her  schools  seriously.  The  student  is 
in  an  exalted  class  in  their  society,  and  in  a  land  where  caste 
is  a  so  vital  consideration,  his  enviable  position  lends  a  tone 
to  the  whole  educational  scheme  that  is  an  enormous  factor 
in  making  the  schools  what  they  are.  He  is  the  idol  of  the 
people  in  his  gay-colored  cap  and  his  ribbons,  and  his  huge 
scars  excite  admiration  wherever  he  goes.  He  may  visit 
the  royal  theaters  at  a  fraction  of  the  admission  price  and 
the  royal  museums  free  of  charge.  He  even  carries  a  card 
which  makes  him  exempt  from  arrest,  but  he  in  turn  in  the 
full  consciousness  of  noblesse  oblige  does  not  abuse  this 
concession.  (Let  us  shudder  to  think  what  would  happen 
to  some  of  the  landmarks  of  Lafayette  a  few  hours  after 
some  such  cards  were  issued  at  Purdue.) 

I  have  heard  so  many  times  the  query,  "Is  it  any  value 
to  an  engineering  student  to  study  in  Germany  ?  Are  there 
not  more  and  better  schools  in  America  ?''  Let  me  say  most 
emphatically  that  there  is  value,  and  great  value  in  it.  We 
have  long  conceded  that  we  are  a  nation  of  engineers  and 
that  most  of  the  work  of  importance  that  has  been  done  in 
mechanical  and  civil  lines  has  been  done  here.  Blinded  by 
our  own  glory,  we  have  scorned  the  Germans  as  a  nation  of 
school  teachers  and  scientists,  and  have  failed  to  note  that 
in  their  slow  and  painstaking  path  through  the  complicated 
ways  of  theory,  they  have  come  upon  countless  practical 
discoveries,  and  just  as  surely  as  they  are  becoming  the 
admitted  leaders  of  the  world  in  commerce,  so  surely  will 
they  be  able  to  give  the  United  States  a  furious  struggle  to 
maintain  her  world  supremacy  in  manufacture.  They  have 
practiced  scientific  management  under  other  names  for 
years  and  with  that  sharp  faculty  for  assimilation  which 
characterizes  them  they  have  absorbed  all  that  is  being  done 
elsewhere  and  the  result  is  one  may  look  in  vain  for  more 
modem  and  efficient  shops  than  are  found  in  Germany.  The 
value  of  their  schools  lies  primarily  in  the  caliber  of  the 
men  associated  with  them  and  the  limitless  opportunity  for 
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individual  research  in  well  equipped  laboratories  with  the 
counsel  of  these  same  highly  competent  men  always  at  hand. 
The  secondary  value  and  one  by  no  means  to  be  overlooked 
is  the  opportunities  they  offer  of  permitting  a  man  to  get  an 
entirely  different  angle  on  affairs  in  general  and  to  learn 
how  other  people  think  things  out. 

Their  instructional  methods  are  painstaking  and  ac- 
curate. The  lectures  read  to  the  student  are  largely  the 
result  of  the  personal  investigation  of  the  lecturer.  He 
takes  nothing  for  granted  and  quotes  other  authorities 
whose  work  he  has  not  personally  verified  only  under  pro- 
test. The  work  is  inclined  to  be  very  theoretical  and  for 
this  reason  it  would  be  of  little  value  for  one  not  a  graduate 
of  engineering  to  study  there.  One  must  know  the  funda- 
mentals and  be  able  to  select  for  himself  the  valuable  from 
the  *'of  scientific  interest  only"  or  the  work  would  be  a  maze 
of  hopelessly  useless  matter  which  is  in  no  wise  simplified 
by  the  strange  surroundings  and  stranger  tongue.  To  il- 
lustrate, 1  recall  a  very  distinguished  lecturer's  exposition 
of  the  so-called  diamond  point  lathe  tool.  He  set  the  point, 
of  the  tool  at  the  origin  of  3-axial  coordinates;  developed 
each  surface  on  the  various  planes  of  reference  by  descrip- 
tive geometry;  and  finally  evolved  equations  for  all  the 
surfaces  and  lines  bounding  the  tool.  While  this  makes  a 
very  interesting  two  hour  discourse,  it  might  be  a  little 
vague  to  an  American  sophomore  how  it  applied  to  machine 
shop  practice.  They  give  almost  no  shop  w^ork  but  in  lec- 
tures detail  every  possible  operation  so  fully  that  a  man  of 
any  practical  experience  at  all  can  follow  them  closely. 
Students  who  take  examinations  are  required  to  produce 
evidence  of  a  year's  work  in  some  shop  along  the  line  of 
their  course. 

The  laboratory  facilities  are  bestowed  with  a  lavish 
hand  in  most  of  the  schools.  The  Kdnigliche  Technische 
Hochschule  in  Charlottenburg  has  an  engineering  laboratory 
that  cost  more  than  two  million  dollars.  *  The  opportunity 
for  individual  research  is  such  that  the  American  studerit 
will  find  he  can  not  duplicate  in  his  own  country.  Limitless 
time  is  at  his  disposal  and  if  his  work  is  meritorious,  almost 
any  equipment  he  suggests  will  be  obtained  for  him. 

The  undergraduate  laboratories  are  very  unlike  ours. 
The  rules,  for  instance,  say  that  **the  student  is  earnestly 
requested  to  hand  in  his  report  on  experiments  performed, 
for  his  own  good."     I  do  not  recall  that  this  form  of  ob- 
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taining  reports  is  used  at  Purdue  Universit>'.  The  reports 
themselves  are  purchasable  in  printed  form  and  only  the 
actual  data  and  calculated  results  are  necessar>'  to  complete 
them.  In  the  laboratory',  there  are  servants  who  start  the 
engines,  fire  the  boilers,  open  hot  indicator  cocks  and  clean 
the  machinery  after  tests.  The  student  is  rather  above 
menial  labor.  It  is  also  quite  right  and  proper  for  some 
one  to  relieve  any  suffering  fellow  student  while  he  goes 
over  to  the  bar  in  the  main  building  for  some  beer  or  coffee. 
It  is  interesting  to  note  that  the  engineering  laboratory-  is 
treated  purely  as  an  aid  to  design  rather  than  as  a  training 
school  for  operation  of  power  equipment.  For  example, 
when  we  examine  an  engine  for  most  efficient  cut-off,  they 
would  probably  experiment  on  various  shapes  of  D-valves. 

Inspection  trips  are  frequent  and  very  well  conducted. 
They  are  made  up  only  from  the  hearers  of  the  particular 
lectures  which  they  are  to  supplement  and  are  hence  very 
small  parties.  The  factories  inspected  feel  so  signally  hon- 
ored by  the  visit  of  the  students  that  they  spare  no  pains  to 
show  their  appreciation.  Excellent  meals  and  unlimited 
beer  are  always  served  to  the  students  at  these  plants  and 
addresses  of  welcome  and  many  little  attentions  are  fairly 
showered  on  them.  These  opportunities  to  see  up-to-the- 
minute  manufacturing  and  systems  for  promoting  factory 
efficiency  which  would  most  certainly  not  be  available  to  an 
American  in  any  other  capacity  than  as  a  student  are  in 
themselves  well  worth  the  trip  over  there. 

The  German  students  are  companionable  fellows  and 
really  little  different  from  us  if  we  disregard  the  super- 
ficialities. In  general  they  are  four  or  five  years  older  than 
men  in  the  corresponding  school  years  in  the  United  States, 
but  this  applies  in  all  professions.  With  the  German  prone- 
ness  to  enjoy  life  a  little  as  he  goes  along  and  not  rush  into 
it  and  have  it  all  over  at  once,  very  few  professional  men 
complete  their  education  and  become  self-supporting  before 
they  are  thirty.  This  added  age  and  the  natural  tempera- 
ment causes  them  to  assume  a  dignity  quite  foreign  to  the 
American  student.  There  is  no  noisy  relaxation  between 
classes  and  jokes  like  campus  tickets  and  ohm-sifter  requisi- 
tions are  quite  unknown.  They  take  their  places  quietly  at 
lectures  and  sit  respectfully  throughout  them,  scuffing  their 
feet  perhaps  if  the  professor  does  not  speak  loudly  enough, 
but  never  throwing  chalk  or  playing  catch  with  erasers  when 
his  back  is  turned.     They  read  daily  and  religiously  the 
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notices  that  are  posted  on  the  black  bulletin  board  and  never 
is  there  a  pencil  scrawl  on  the  margin  of  an  official  notice 
"letters  poor,"  "do  over,"  although  they  do  occasionally 
make  a  respectful  annotation  when  the  notices  carelessly 
refer  to  the  student  body  as  die  Studenten  instead  of  die 
Herren  Studenten. 

School  athletics  are  unknown — ^possibly  due  to  some 
difficulty  they  might  have  making  something  rhyme  with 
Konigliche  Technische  Hochschule  in  a  yell — and  beer 
drinking  and  fencing  are  about  the  only  indoor  sports  that 
appeal  to  them.  These  are  not  as  exaggerated  as  is  often 
represented,  for  it  is  drilled  into  the  Fuchs  by  his  older 
"brothers"  from  his  first  day  in  school  that  he  must  never 
become  intoxicated  under  any  circumstances. 

Many  of  their  customs  are  amusing  and  interesting  in 
the  extreme.  Their  whole  attitude  toward  the  work  is  dif- 
ferent from  ours.  If  a  lecturer  is  late,  they  do  not  cut  the 
class  promptly  at  five  minutes  after  the  hour,  but  sit  around 
and  wait  very  impatiently  for  him  to  arrive.  If  he  is  quite 
late  he  is  reprimanded  on  his  appearance  by  a  loud  scuffing 
of  the  feet  on  the  floor.  Approbation  is  expressed  by 
stamping  and  one  soon  acquires  wonderful  aptness  in  this 
footwork  and  it  is  never  long  until  the  most  verdant  fresh- 
man is  able  to  scuff  promptly  when  an  assistant  drops  an 
eraser  or  stamp  furiously  when  the  lecturer  tells  some  par- 
ticularly good  professorial  joke.  (Professorial  jokes  are 
perennials  in  Germany  as  in  many  other  countries  and 
spring  up  annually  in  the  same  place)  The  seats  fill  up 
from  the  front,  not  from  the  rear,  and  many  go  to  class 
half  an  hour  early  in  order  to  secure  good  places.  The  pro- 
fessor enters  after  all  are  seated — never  before — and  greets 
the  students  with  a  formal  bow,  which  they  often  return  by 
rising  in  their  places.  Important  school  functions,  such  as 
installing  a  new  rector,  are  attended  by  representatives  of 
the  numerous  clubs  and  organizations  in  the  most  re- 
splendent of  uniforms  and  paraphernalia.  The  costumes 
present  a  beautiful  mass  of  gorgeous  colors  and  the  sol- 
dierly bearing  of  the  men  make  these  gatherings  a  truly 
imposing  sight. 

"Is  the  German  which  one  learns  in  two  years  in  college 
sufficient  to  meet  the  needs  of  an  American  student?"  It  is 
not.  But  added  to  this,  two  months  of  diligent  effort  in 
the  midst  of  German  speaking  people  will  enable  the  student 
to  understand  practically  everything.    The  cost  of  a  year  in 
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Germany  of  course  depends  upon  the  man.  The  living  is 
about  as  expensive  as  it  is  here,  especially  in  the  larger 
cities.  The  tales  one  so  often  hears  about  the  ridiculously 
low  cost  of  living  are  myths  or  else  have  their  foundation  in 
the  past.  A  thousand  dollars  should  cover  the  expense  of 
one  year  bountifully;  fifteen  hundred,  two  years — for  ex- 
perience is  a  great  economizer. 

The  man  who  can  avail  himself  of  a  year's  study  in 
Germany  and  does  not  is  committing  a  grave  crime  against 
himself.  I  need  not  touch  on  the  cultural  advantages  of 
contact  with  this  the  most  artistic  and  philosophical  minded 
people  in  the  world,  nor  the  unexcelled  opportunity  to  hear 
better  music,  see  better  art  and  attend  better  drama  than  is 
offered  in  any  other  land,  but  purely  from  the  standpoint  of 
the  young  engineer  who  is  anxious  to  place  his  time  and 
capital  where  it  will  bring  him  the  greatest  return.  I  am 
convinced  that  he  will  find  no  better  investment  than  a  few 
semesters  in  a  German  technical  school. 
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ELECTRICAL  HEATING  XTNITS  AND  HEAT 
INSXTLATING  MATERIALS 

M.  E.  Louth,  '13 

At  the  present  time,  there  are  four  ways  of  changing 
electrical  energy  into  heat :  first,  by  the  Joulean  effect ;  sec- 
ond, by  the  electric  arc;  third,  by  the  electric  spark;  and 
fourth,  by  electrolysis.  In  small  electrical  heating  devices 
the  Joulean  effect  is  used.  Since  this  effect  depends  directly 
upon  the  electrical  resistance  of  the  circuit,  the  question  of 
electrical  heating  is  diverted  immediately  to  finding  an  elec- 
trical conductor  which  has  a  high  resistance,  and  which  shall 
together  with  this  property  have  a  reasonable  manufactur- 
ing cost  and  good  lasting  qualities.  Such  a  conductor  has 
been  found  in  a  nickel-chromium  alloy  which  is  manufac- 
tured under  various  names,  though  the  fundamental  chem- 
ical formulae  and  qualities  vary  only  slightly. 

The  question  of  unit  construction  now  has  to  be  con- 
sidered. Will  convection  or  conduction  be  better  is  the 
question  which  every  heating  engineer  has  to  answer  when 
designing  a  new  device.  A  very  common  type  of  convec- 
tion unit  is  found  in  the  street  car  heater  of  today.  A  heli- 
cal coil  of  wire,  wound  either  on  an  insulator  or  suspended 
in  air,  is  allowed  to  come  in  contact  with  cold  air.  A  con- 
vection of  heat  follows,  carrying  the  heat  to  the  parts  of 
the  car  desired. 

The  conduction  type  of  unit  is  well  illustrated  in  the 
electric  flat  iron  unit.  The  fundamental  construction  con- 
sists in  winding  an  insulator,  such  as  mica,  with  a  flat  re- 
sistance wire,  the  unit  being  insulated  on  each  side  by  mica, 
and  then  clamped  securely  against  the  metal  part,  which 
acts  as  the  heat  conductor.  The  larger  part  of  the  heating 
devices  on  the  market  at  this  time  are  constructed  in  this 
manner. 

The  entire  field  of  electrical  heating  elements  designed 
with  round  resistance  wire  is  covered  in  hot  air  heaters,  elec- 
tric grills,  horizontal  toasters,  and  immersion  water  heaters. 
The  unit  is  wound  on  a  lathe  or  turning  device.  A  slight 
pull  on  the  unit  spreads  the  coils  and  eliminates  danger  of 
short  circuiting  any  section.  The  resistance  wire  may  be 
carried  directly  to  the  terminal  plugs,  but  it  is  more  advis- 
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able  to  end  the  heating  unit  on  one  of  the  supports  and 
run  a  low  resistance  wire,  such  as  copper  or  nickel,  from 
the  end  of  the  unit  to  the  plug.  This  method  eliminates  a 
conduction  of  the  heat  to  the  plug,  which  will  in  turn  de- 
crease the  chance  of  plug  failure.  The  construction  of  units 
of  this  kind  is  very  simple  and  leaves  only  the  one  problem 
for  the  designing  engineer  in  determining  what  shall  be  used 
to  support  the  resistance  wire.  Obviously,  it  must  possess 
three  qualities.  First,  it  must  be  a  non-conductor  of  elec- 
tricity; second,  it  must  be  able  to  withstand  a  temperature 
of  700  to  800  degrees  Fahrenheit ;  and  third,  it  must  possess 
enough  mechanical  strength  to  eliminate  danger  of  break- 
age. The  problem  has  been  partially  solved  by  the  use  of 
asbestos  board,  which,  however,  is  not  completely  satisfac- 
tory on  account  of  its  mechanical  properties.  This  ma- 
terial is  best  known  as  **Tegit." 

Passing  now  to  the  more  common  flat  wire  unit,  the 
problem  of  electrical  insulation  is  still  the  main  one.  Trouble 
arises  from  the  fact  that  all  electrical  insulators  are  unfor- 
tunately good  heat  insulators.  If  this  were  not  the  case, 
the  flat  wire  could  be  wrapped  uix)n  a  thin  sheet  of  insula- 
tion with  the  same  material  on  each  side,  and  then  clamped 
securely  to  the  plate  to  be  heated.  Since  this  ideal  electric 
insulator  allows  the  heat  to  pass  through  directly  to  the 
plate,  the  wire  and  the  plate  will  be  at  practically  the  same 
temperature.  That  would  mean  the  end  of  the  engineer's 
trouble.  Burn  outs  and  punctures  through  the  insulation 
would  be  a  thing  of  the  past,  for  these  are  due  to  the  ex- 
tremely high  temperatures  at  which  it  is  necessary  to  main- 
tain the  wire  in  order  to  obtain  the  necessary  amount  of 
heat  at  the  point  of  utilization.  Since  this  ideal  has  not 
been  reached,  we  naturally  turn  to  that  material  which  ap- 
proaches these  ideal  requirements.  The  field  narrows  down 
to  the  two  general  classes — a  fire  proof  combination  in 
which  the  wire  may  be  imbedded,  or  mica,  on  which  the 
wire  may  be  wound. 

In  using  the  imbedded  system,  the  material  must  be  at 
least  0.015  inches  thick.  This  means  that  a  large  per  cent 
of  the  heat  is  lost  in  being  forced  through  to  the  heating 
plate,  and  that  the  efficiency  is  correspondingly  low.  In  this 
type  of  unit,  the  air  does  not  come  in  contact  with  the 
wire,  which  construction  eliminates  any  danger  of  oxida- 
tion. This  is,  however,  of  secondary  importance,  since  the 
nickel-chromium  alloys  oxidize  only  to  a  very  small  extent. 
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This  leads  us  to  the  consideration  of  the  mica  wound 
unit.  A  notched  piece,  or  arbor  upon  which  the  wire  is 
wound,  is  placed  between  two  pieces  of  mica  and  clamped 
to  a  heating  plate.  Mica  can  be  used  as  thin  as  0.005  ^^  ^^ 
inch,  and  will  conduct  the  heat  fully  as  well  as  a  fire  proof 
clay  or  varnish.  Not  only  does  the  mica  wound  unit  pos- 
sess this  added  quality,  but  it  is  less  difficult  to  construct, 
and  if  a  bum  out  should  occur,  the  renewal  is  but  a  few 
minutes'  work.  Mica,  however,  is  very  expensive,  especially 
in  large  pieces.  The  growing  demand  for  this  type  of  unit 
has  lead  to  the  manufacture  of  '*Micabond,"  which  is  scrap 
mica,  held  together  by  a  cement.  The  factor  of  safety  de- 
mands that  it  be  used  not  less  than  0.0 10  of  an  inch  thick. 
The  cement,  or  binder,  burns  out  as  soon  as  heat  is  applied, 
but  since  the  pieces  are  clamped  between  plates,  no  damage 
results.  The  binder  used  in  Micabond  has  a  detrimental 
effect  on  resistance  wire,  since  a  chromium  oxide  forms  on 
the  outside  of  the  wire,  when  burned  at  a  high  temperature. 
For  this  reason,  pure  mica  should  be  used  in  all  places  where 
the  cost  over  Micabond  is  not  prohibitive.  Most  types  of 
heating  devices  may  be  designed  by  the  methods  which  have 
been  indicated.  Heating  pads  are  an  exception  to  the  rule. 
It  may  be  necessary  to  have  a  unit  which  may  be  bent  or 
rolled  into  any  shape  without  short  circuiting  or  harming 
it  in  any  way.  To  meet  this  demand,  a  resistance  wire 
wound  with  an  asbestos  cord  is  used.  The  wire  is  bent 
back  and  forth,  and  is  stitched  to  the  sides  of  the  pad  to  hold 
it  in  place.  The  efficiency  of  the  pad  is  very  low.  This, 
however,  is  not  made  a  point  in  the  design  of  the  pad,  since 
the  wattage  is  extremely  low — the  average  pad  runs  about 
fifty  watts. 

In  small  electrical  apparatus,  such  as  irons,  toasters, 
hot  plates,  and  air  heaters,  it  is  not  practical  to  attempt  to 
prevent  loss  of  heat  by  using  a  heat  insulating  packing.  If 
we  should  take  heating  units,  such  as  have  been  described, 
and  place  them  in  or  around  an  oven,  we  would  have  a 
workable  electric  stove.  The  efficiency  would  be  very  low, 
and  the  cost  of  cooking,  when  compared  to  the  cost  when 
coal,  wood,  or  oil  is  used,  would  be  prohibitive.  An  electric 
stove,  unless  built  on  a  fireless  cooker  principle,  will  be  a 
failure  commercially.  In  designing  a  fireless  cooker,  two 
questions  have  to  be  settled.  First,  what  material  shall  be 
used  as  the  heat  insulator,  and  second,  how  thick  shall  the 
wall  of  insulation  be  made. 
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To  solve  the  first  problem,  apparatus  consisting 
of  two  sheet  iron  boxes  with  one  inch  space  between 
the  inner  and  outer  box  was  constructed.  The  tops 
of    the    boxes    were    covered    by    a    thick    sheet    of    as- 
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Fljf.   1. 

bestos  board  to  prevent  a  loss  of  heat  upward.  Four 
thermometers  were  used,  two  being  placed  on  opposite  walls 
of  the  inner  box,  and  two  on  the  outside  of  the  outer  box. 
The  average  of  each  pair  was  used  as  the  true  reading.  The 
material  to  be  tested  was  packed  between  the  two  boxes 
and  covered  over  with  the  asbestos  sheet.     The  source  of 
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heat  placed  as  nearly  as  possible  in  the  center  of  the  inner 
box.  A  sixty  watt  lamp  at  a  constant  voltage  was  used  to 
give  the  constant  heat  required.  Every  precaution  was 
taken  to  keep  the  test  room  at  a  constant  temperature,  and 


FlK.   2. 

to  keep  all  drafts  away  from  the  outside  thermometers. 
All  kinds  of  materials  that  might  in  any  way  be  used  for 
installation  were  tested  in  this  manner.  The  tests  would 
not,  of  course,  show  the  efficiency  of  any  one  insulator,  but 
would  give  a  comparison  of  the  different  efficiencies. 

Three  sets  of  curves  shown  in  Figs,  i,  2,  and  3,  were 
plotted  for  the  best  insulators.    The  curves  for  air  are  also 
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included  to  give  a  standard  for  comparison  purposes.  Fig.  i 
shows  curves  with  the  temperature  of  the  inside  box  plotted 
against  the  duration  of  time  in  hours  that  the  test  was  run. 
The  temperature  plotted  in  all  curves  is  about  that  of  the 


Fig.   8. 

room.  Fig.  2  is  a  group  of  similar  curves,  with  the  ordi- 
nates  showing  the  increases  in  temperature  of  the  outside 
box,  which  depends  directly  upon  the  amount  of  heat  that 
leaks  through  the  insulation.  Fig.  3  is  a  combination  of 
the  curves  shown  in  Figs,  i  and  2,  with  the  ordinates  sub- 
tracted.    The  new  ordinate  represents  the  amount  of  heat 
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which  the  insulator  has  retained,  and  therefore,  will  give 
comparative  results  of  the  tests  of  the  different  insulators. 

It  is  interesting  to  note  in  curves  how  quickly  the  air 
insulation  reaches  its  equal  radiation  point.  That  is,  after 
an  hour  and  a  half  the  amount  of  radiation  just  equalizes 
the  amount  of  heat  generated  by  the  lamp.  From  that  time, 
the  curves  continue  in  straight  lines  parallel  to  the  time  axis. 
It  is  also  interesting  to  note  how  closely  the  curves  for 
magnesia  and  kieselguhr  follow  each  other.  The  magnesia 
used  was  of  the  common  ix)wdered  variety  and  is  familiar 
to  every  one.  Kieselguhr,  which  in  English  means  infuso- 
rial earth,  is,  as  the  name  implies,  a  fire  proof  material.  Its 
general  appearance  is  very  similar  to  that  of  magnesia.  It 
is  a  dull  white,  and  feels  very  much  like  a  poor  grade  of 
baking  flour. 

Mineral  wool  is  a  tough  fibrous  material,  resembling 
to  a  large  extent  rough  wool.  It  has  been  the  standard  heat 
insulator  for  fireless  cookers  for  years.  E.  X.  fiber  and  as- 
bestos cement  are  both  compounds  of  long  fiber  asbestos. 
Both  are  fireproof. 

Fig-  3»  which  gives  the  net  results  of  the  tests,  shows 
that  mineral  wool,  magnesia,  and  kieselguhr  are  the  best 
insulators.  Magnesia  may  be  eliminated  at  once,  since  its 
cost  is  greater  than  that  of  kieselguhr  and  its  advantages 
are  not  greater.  This  narrows  the  field  to  mineral  wool  and 
kieselguhr.  Mineral  wool  has  one  distinct  advantage  over 
kieselguhr.  It  can  be  packed  around  an  oven  without  mak- 
ing the  containing  box  absolutely  tight.  Mineral  wool,  due 
to  its  fibrous  make-up,  does  not  have  a  tendency  to  leak 
through  every  crack.  Kieselguhr  will  sift  through  every 
seam  and  crevice,  and  when  it  is  used,  all  cracks  and  seams 
must  be  closed  with  stove  putty  or  sodium  silicate.  Kiesel- 
guhr being  light  and  cheap  is  considered  to  be  the  proper  in- 
sulator for  fireless  cooker  work.  The  thickness  of  wall 
used  depends  upon  the  amount  of  heat  that  the  designer 
wishes  to  retain.  The  thicker  the  insulation,  the  smaller 
the  amount  of  heat  that  is  lost,  but  the  greater  the  cost  of 
insulation.  The  happy  medium  for  good  fireless  cooker 
work,  is  between  two  and  one-half  inches  and  three  inches. 
Above  three  inches,  the  added  cost  of  insulation  overbal- 
ances the  added  efficiency.  As  an  example  of  the  insulating 
properties  of  kieselguhr,  an  oven  was  heated  to  380°  F, 
and  at  the  end  of  three  hours,  the  oven  thermometer  re- 
corded 362'',  which  means  an  efficiency  of  approximately 
95  per  cent,  for  the  three  hours*  test. 
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COBSMEBCIAL  ELECTRICITY 

I.  M.  KiRUN,  *i3 

Ten  years  ago  the  commercial  department  of  the  aver- 
age central  station  received  little  consideration  by  the  direc- 
tors of  the  public  service  companies.  New  business  was 
handled  in  the  simplest  way  by  inexperienced  men  with  no 
technical  knowledge  of  what  they  were  selling  and  what 
it  would  be  used  for.  While  the  business  of  the  central 
station  was  taking  care  of  itself,  great  effort  was  exerted 
toward  increasing  the  efficiency  of  operation  of  the  station, 
both  by  the  manufacturer  and  station  operator.  Rapid  de- 
velopments in  highly  efficient  generating  and  distributing 
equipment  in  the  last  few  years  served  to  arouse  the  dor- 
mant central  station  business. 

The  first  promoter  to  seriously  consider  the  commer- 
cial side  of  the  central  station  business  was  Mr.  Samuel 
Insull,  president  of  the  Commonwealth  Edison  Co. — the 
largest  central  station  company  in  the  world — and  allied 
companies  capitalized  at  more  than  570  million  dollars.  The 
commercial  efforts  of  the  Commonwealth  Edison  and  allied 
companies  have  resulted  in  much  greater  use  of  household 
and  industrial  electrical  appliances,  a  rapid  increase  in  the 
industrial  power  load,  and  increased  residential  business  on 
existing  distribution  lines. 

The  recent  inauguration  of  Public  Service  Commis- 
sions by  several  states  has  led  to  considerable  discussion 
among  central  station  directors.  The  general  opinion  of 
promoters  is  that  these  commissions  will  work  to  the  ad- 
vantage of  both  the  public  service  companies  and  the  pub- 
lic served.  Some  such  system  was  advocated  by  Mr.  Insull 
twenty-five  years  ago. 

The  development  of  highly  efficient  turbo-generators, 
transforming  apparatus,  and  distribution  of  systems  has 
had  so  great  an  effect  on  the  central  station  business  that  a 
system  of  merchandising  electricity  has  resulted.  Generat- 
ing units  of  25  and  30,000  K.  V.  A.  have  replaced  smaller 
and  less  efficient  units.  Highly  efficient  transformers  and 
transmission  line  constructions  are  serving  to  stimulate  the 
growth  of  the  centralized  generating  stations  with  general 
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transmission  to  the  distributing  jxjints  or  sub-stations.  In 
the  rural  districts  especially,  is  this  latter  system  rapidly 
replacing  the  local  generating  station.  All  business  of  the 
company  is  governed  by  the  central  office  of  the  system,  the 
operation  of  the  various  stations  or  sub-stations  being 
governed  by  the  ** System  Operator."  From  his  office  all 
instructions  to  the  local  superintendents  and  the  various  de- 
partments are  sent  out  over  private  telephone  systems.  The 
station,  operating  transmission  lines,  often  secures  a  con- 
siderable power  load  by  connecting  with  mines  and  pump- 
ing stations.  The  transmission  line  is  sometimes  tapped 
where  the  connected  load  warrants,  to  furnish  power  to 
farms.  Each  tap  on  a  high  tension  line  weakens  the  sys- 
tem, and  where  continuous  service  is  of  great  im|X)rtance 
taps  for  small  loads  are  avoided.  A  duplicate  line  is  fre- 
quently run  to  important  rural  installations  to  avoid  any 
interruption  of  service. 

The  Commonwealth  Edison  Company  maintains  sev- 
eral large  installations  of  storage  batteries  floating  on  the 
line  to  assure  continuity  of  service,  which  is  being  recog- 
nized more  and  more  as  an  essential  in  securing  business  for 
the  central  station.  If  all  of  the  generating  stations  in  Chi- 
cago went  out  of  service  at  one  time,  service  would  be  main- 
tained by  reserve  storage  battery  capacity  alone  for  a  period 
of  30  minutes. 

The  effect  of  the  introduction  of  tungsten  lamps  upon 
the  public  service  company  has  been  a  subject  for  consid- 
erable discussion  in  central  station  circles.  The  objection 
was  raised  that  the  higher  efficient  lamp  would  reduce  the 
revenue  to  the  Company.  Data  collected  by  the  National 
Electric  Light  Association,  however,  proves  the  contrary. 
Instead  of  the  consumers'  bills  decreasing,  the  amount  of 
light  used  increased  to  such  an  extent  that  the  bills  were 
practically  the  same  as  before;  the  illumination  greatly  im- 
proved ;  and  complaints  were  fewer.  Since  this  investigation, 
there  has  been  put  on  the  market  the  latest  development  in 
illuminants,  the  Nitrogen  X'apor  Lamp,  with  an  efficiency 
of  one-half  watt  per  candle.  That  this  lamp  will  meet  with 
general  approval  by  public  service  companies  is  little  doubt- 
ed, since  the  report  of  the  investigation  on  the  effect  of  tung- 
sten lamps.  The  tungsten  lamp  enables  the  central  station 
to  compete  favorably  with  gas  as  to  cost,  and  the  nitrogen 
lamp  is  expected  to  deal  the  gas  arc  its  death  blow  for  com- 
mercial lighting. 
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The  most  important  factors  to  be  considered  by  the 
commercial  department  of  the  service  company  are  the  load 
factor  and  the  diversity  factor.  The  load  factor  is  of  prime 
importance  and  is  defined  as  the  ratio  of  the  average  load  to 
maximum  load.* 

The  load  factor  of  the  Commonwealth  Edison  Com- 
pany is  .46.  The  importance  of  a  high  load  factor  is  evi- 
dent when  its  effect  on  the  cost  of  energy  is  considered. 
For  example,  the  cost  per  unit  of  energy  sold  may  be  ap- 
portioned as  follows — in  large  stations  overhead  charges 
equal  55  per  cent  and  operating  charges  45  per  cent;  in 
small  stations  the  overhead  costs  and  operating  costs  per 
unit  of  energy  sold  are  nearly  equal.  Assume  a  station  to 
have  a  load  factor  of  .20,  which  is  not  uncommon  in  an  un- 
developed territory.  The  cost  per  unit  of  energy  sold  will  be 
taken  as  10  cents;  one-half  of  this  cost  will  be  charged 
against  overhead  expenses  including  interest  on  capital  in- 
vested, depreciation,  taxes,  etc.  The  other  half  or  five 
cents  will  be  the  operating  cost  including  cost  of  fuel,  labor, 
etc.,  and  will  be  independent  of  the  amount  of  power  sold. 
If  the  load  factor  is  increased  to  .40  without  increasing  the 
maximum  or  peak  load  on  the  station,  the  primary  of  over- 
head portion  of  the  cost  per  unit  of  the  energy  will  be  half 
as  much  as  in  the  first  case,  since  the  output  of  the  station 
will  have  doubled.  Assuming  the  operating  cost  to  remain 
at  five  cents  per  unit  of  energy,  the  total  unit  cost  of 
energy  has  decreased  to  seven  and  a  half  cents.  Thus,  not 
only  has  the  cost  of  energy  to  the  service  company  been 
reduced,  but  the  amount  of  energy  sold  has  doubled. 

The  load  factor  depends  largely  upon  the  diversity  fac- 
tor. The  ratio  of  the  sum  of  the  maxima  of  the  subdivi- 
sions of  any  part  of  the  system  to  the  coincident  maximum 
demand  observed  at  the  point  of  vsupply  is  called  the  diver- 
sity factor  of  that  part  of  the  system.  Thus  if  the  sum  of 
the  maxima  on  a  group  of  customers'  meters  is  60  K.  W. 
and  the  coincident  maximum  at  the  transformer  serving 
them  is  20  K.  W.,  the  diversity  factor  between  consumers 
would  be  60/20  or  3.  The  average  diversity  factor  for 
residence  lighting  in  Chicago  is  3.35 ;  for  commercial  light- 
ing, 1.46;  for  general  power,  1.3.  The  diversity  between 
transformers  on  the  same  feeder  is  1.4.    At  the  sub-stations 


•The  National  Electric  Light  Association  has  defined  load  factor  as  the 
ratio  of  the  average  load  to  the  connected  load.  However,  In  the  next 
N.  E.  L.  A.  Handbook  this  definition  will  be  changed  to  consider  the 
maximum  Instead  of  the  connected  load. 
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the  diversity  between  feeders  averages  1.15.  Where  there 
is  about  25  per  cent,  of  the  light  and  power  load  of  the  city 
which  has  a  7 130  p.  m.  maximum,  as  in  Chicago,  the  diver- 
sity between  sub-stations  is  i.i.     The  total  diversity  of  the 


Curve  Showing  Total  Load  Output  of  All  Stations  for  an  Average  Day. 
Peak  at   5:15  due   to  Railway  Load. 

system  is  the  continued  product  of  the  diversity  factor  be- 
tween consumers,  transformers,  feeders  and  sub-stations. 
The  total  diversity  factor  for  the  Chicago  system  for  all 
classes  of  service,  except  railway  load,  is  at  the  present  time 
2.64.  The  load  factor  of  all  classes  of  consumers  in  Chi- 
cago is  approximately  .23,  and,  due  to  the  diversity  from 
consumer  to  generating  station,  the  load  factor  of  the  sys- 
tem is  increased  to  .46. 

By  carefully  considering  the  load  factor  of  the  load  to 
be  connected,  and  its  diversity  with  other  connected  loads, 
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the  output  of  the  central  station  may  be  increased  greatly 
without  increasing  station  investment. 

The  fundamental  step  taken  by  the  new  business  or 
commercial  department  of  the  central  station  company  is  to 
establish  a  just  rate  system.  Rates  must  be  charged  for 
any  particular  class  of  service  in  proportion  to  the  cost  to 
the  central  station  of  supplying  that  service.  Most  large 
central  station  companies  charge  for  service  according  to 
the  Hopkinson  and  the  Wright  systems,  or  a  modification 
of  these  systems,  making  use  of  a  double  sliding  scale  of 
rates  both  on  the  consumers'  maximum  demand  and  on  the 
K.  W.  hr.  consumption. 

Central  station  business  is  commonly  divided  into  two 
main  classes,  light  and  power,  and  subdivided  into  resi- 
dence, commercial,  and  industrial  business.  To  handle  the 
business  with  the  customer,  the  company  employs  light  sales- 
men and  power  salesmen.  Each  salesman  or  solicitor  is 
given  a  particular  district  with  definite  limits  in  which  to 
work,  and  all  calls  or  applications  for  light  or  power  which 
are  not  taken  at  the  counter  or  over  the  telephone,  are 
turned  over  to  him.  These  salesmen  usually  receive  a  sal- 
ary and  commission  on  the  new  business  secured  in  their 
district.  The  Commonwealth  Edison  Company  at  the  pres- 
ent time  employs  36  light  solicitors,  two  sign  solicitors,  with 
several  assistants,  and  18  power  salesmen  with  four  assist- 
ant power  salesmen.  It  is  the  duty  of  the  light  solicitor  to 
secure  contracts  for  all  kinds  of  lighting,  small  power  such 
as  fan  motors  and  electric  washers,  and  to  give  estimates 
on  small  wiring  jobs  of  less  than  six  outlets.  Larger  wir- 
ing estimates  are  handled  by  the  estimating  department.  A 
ruling  recently  passed  by  the  company,  requires  an  applicant 
for  a  position  as  assistant  light  solicitor,  to  spend  six  months 
in  the  illuminating  department.  Of  the  18  power  salesmen, 
only  12  have  regular  assigned  districts.  The  other  power 
men  work  on  special  power  problems,  such  as  isolated 
plants,  electric  vehicles,  electric  railway,  and  general  power 
questions. 

The  contract  department  works  hand  in  hand  with  the 
salesmen  in  securing  new  business.  Several  per  cent,  of 
the  net  earnings  of  the  company  are  set  aside  each  year  for 
advertising  electric  service  by  means  of  elaborate  electric 
signs,  illuminated  billboards,  street  car  cards,  mail  matter, 
and  '*ads"  printed  on  the  bills  submitted  by  the  company. 
The  bulk  of  this  advertising  applies  to  residential  business, 
though  good  results  have  been  obtained  through  the  use  of 
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booklets  published  by  the  National  Electric  Light  Associa- 
tion to  advertise  electric  service. 

The  residential  business  of  the  company  has  been  con- 
siderably increased  through  so-called  ''house  wiring  cam- 
paigns/' For  several  weeks,  existing  unwired  houses  on 
the  company's  lines  are  wired  at  cost.  As  an  added  induce- 
ment to  obtain  this  business,  an  electric  iron  is  sometimes 
given  wMth  each  contract  for  wiring  obtained  during  this 
campaign.    The  wiring  may  be  paid  for  in  24  monthly  pay- 


Curvea  Bhowlng   the   profitable  result   to   the  Commonwealth   Edison   Co.   of 
systematized  commercializing  of  electricity. 

ments  and  may  be  done  by  the  central  station  company  or 
turned  over  to  local  contractors.  Considerable  discussion 
has  arisen  on  this  point  and  may  be  most  satisfactorily  set- 
tled in  specific  localities.  Some  central  station  companies 
report  the  securing  of  contracts  for  as  many  as  80  per  cent, 
of  the  available  residential  buildings  through  house  wiring 
campaigns. 
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Next  in  importance  to  the  wiring  campaign  is  the  ap- 
pliance campaign  to  increase  the  load  factor  and  total  con- 
sumption of  residential  customers.  In  these  campaigns, 
special  emphasis  is  put  on  one  particular  appliance  which 
is  most  easily  introduced,  commonly  the  electric  iron.  The 
Commonwealth  Edison  Company  appropriated  15,000  dol- 
lars to  be  used  in  an  electric  iron  campaign  which  was 
launched  in  March,  191 3.  As  a  result  of  this  campaign 
12,000  electric  irons  were  put  in  service  in  60  days,  and  at 
the  present  time  in  Chicago,  one  out  of  three  residence 
customers  uses  an  electric  iron.  The  revenue  from  each 
iron  is  approximately  40  cents  per  month,  which  is  an  in- 
crease of  20  per  cent,  in  the  customers'  bill.  This  spring 
a  campaign  on  electric  percolators  will  be  launched  in 
Chicago. 

Before  leaving  the  residential  side  of  the  new  business, 
emphasis  should  be  placed  upon  the  importance  of  a  simple 
method  for  the  residential  customer  to  secure  service.  It 
is  natural  for  this  type  of  customer  to  hesitate  to  place  a 
contract  for  service  when  he  feels  that  there  is  a  great 
amount  of  **red  tape"  connected  with  it.  A  simple  system 
employed  by  the  Commonwealth  Edison  Company  in  han- 
dling this  class  of  customer  is  to  take  the  application  over 
the  telephone  and  mail  the  contract  to  be  signed  after  the 
service  has  been  connected. 

Contracts  of  various  types  for  commercial  lighting, 
such  as  small  stores,  have  been  put  into  effect  by  the  Com- 
monwealth Edison  Company  from  time  to  time.  The  gen- 
eral principle  of  using  contracts  for  standard  street  posts, 
electric  signs  and  fixtures  on  a  rental  basis  has  worked 
satisfactorily  with  small  stores,  saloons,  etc.  These  con- 
tracts usually  cover  a  period  of  two  years  to  guarantee  the 
Company  sufficient  revenue  to  pay  for  the  wiring. 

In  securing  an  industrial  power  load,  more  complex 
problems  must  be  handled  and  the  minute  details  of  the  load 
to  be  connected  are  considered.  Whether  or  not  a  par- 
ticular industrial  load  is  secured  for  the  Company,  depends 
chiefly  upon  the  power  salesmen  and  the  rate  offered  by 
the  Company  for  that  particular  class  of  business.  Rates 
for  power  are  based  upon  maximum  demand,  load  factor, 
total  consumption,  and  nature  of  operation — whether  or 
not  the  connected  load  comes  on  the  peak  of  the  Company's 
load.  The  power  salesmen  offering  to  furnish  service  to 
replace  an  industrial  power  plant  or  engine  makes  a  com- 
plete analysis  of  the  present  installation  before  submitting 
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a  proposition.  He  knows  more  nearly  what  the  manufac- 
turer pays  for  power  than  the  manager  himself.  The  clever 
salesmen,  with  a  good  knowledge  of  the  operating  condi- 
tions of  the  industrial  plant,  usually  is  able  to  secure  this 
load  for  the  central  station  by  offering  a  fair  rate  and  good 
service. 

Large  power  installations  require  special  rates  and  often 
special  sub-stations.  Considerable  data  has  been  collected 
in  the  last  few  years  on  application  of  central  station  serv- 


ice for  operating  coal  mining  and  ice  machinery,  irrigation 
and  oil  pumps,  and  air  compressors.  The  important  advan- 
tage of  a  vehicle  battery  load  has  been  noted.  Special  con- 
ditions are  met  with  in  each  of  these  applications,  and  the 
details  of  operation  and  characteristics  of  the  load  curves 
are  carefully  studied.  These  investigations  have  resulted 
in  securing  for  the  central  station  a  large  portion  of  the 
available  business  of  this  nature,  especially  in  the  middle 
west. 

One  of  the  most  attractive  loads  for  the  central  station 
is  the  ice  machinery  load.  The  load  is  fairly  constant  and 
comes  on  early  in  the  morning  to  fill  in  the  valley  of  the 
station  load  curve.    Another  advantage  of  this  class  of  bu si- 
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ness  is  its  season  diversity  with  respect  to  the  higher  winter 
load  of  the  station,  as  its  consumption  during  the  summer 
months  is  much  greater  than  in  winter.  Coal  mines,  irriga- 
tion, and  oil  pumping  loads  are  especially  attractive  to  com- 
panies operating  a  system  of  transmission  lines  through 
rural  districts,  since  long  line  extensions  are  not  usually 
necessary  to  connect  the  load.  The  electric  service  com- 
pany which  has  been  perhaps  most  successful  in  securing 
an  oil  pumping  load,  is  the  Oklahoma  section  of  the  Middle 
West  Utilities  Company.  The  power  engineer  of  this  com- 
pany expects  to  have  secured  all  the  available  load  of  this 
nature,  in  the  state  of  Oklahoma,  within  a  few  months.  The 
same  company  now  supplies  service  to  several  large  coal 
mines  in  Illinois,  and  stone  quarries  in  Indiana. 

The  electric  garage  business  is  at  the  present  time  com- 
manding considerable  attention  from  the  power  engineers 
of  all  large  public  service  companies.  This  class  of  business 
has  been  given  little  consideration  and,  due  to  the  efforts  of 
the  electric  vehicle  manufacturers,  has  increased  until  it 
promises  to  be  one  of  the  most  important  loads  a  station 
may  secure.  The  electric  vehicle  is  used  not  only  for  pleas- 
ure, but  also  for  trucking  purposes.  This  load  is  perhaps 
more  attractive  to  the  central  station  than  the  railway  load, 
since  the  batteries  may  be  charged  on  an  off  peak  schedule 
and  thereby  raise  the  station  load  factor.  Chicago  leads 
every  other  city  in  the  world  in  the  numb<er  of  electric 
vehicles.  Two  prominent  department  stores  in  the  city  use 
respectively  158  and  59  electric  trucks  for  delivery  pur- 
poses. Practically  all  the  trucking  for  the  Commonwealth 
Edison  Company  is  done  with  electric  trucks.  On  January 
1st,  1914,  there  were  702  electric  commercial  trucks  in 
service  in  Chicago,  and  nearly  3,000  passenger  vehicles. 
Electric  heating  appliances  for  industrial  purposes  are  com- 
ing into  general  use,  also,  especially  electric  glue  pots,  weld- 
ers, and  furnaces.  The  use  of  these  appliances  promises  to 
become  as  general  as  the  common  electric  household  appli- 
ances. 

In  this  article,  I  have  outlined  in  a  general  way,  the 
problems  that  confront  the  commercial  or  contract  depart- 
ment of  a  large  central  station  company.  A  systematic 
study  of  these  problems,  such  as  has  been  and  is  being  made 
by  the  various  large  central  stations  is  certain  to  bring  re- 
sults. That  the  results  obtained  by  the  Commonwealth 
Edison  and  allied  companies  have  been  strictly  satisfactory 
is  shown  by  the  accompanying  curves. 
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THE  CTCLECAB 

H.  A.  Huebotter,  '12 

Economy  in  maintenance  and  operation  of  the  motor 
car  is  a  characteristic  which  prospective  owners  are  de- 
manding more  and  more  insistently  of  automobile  manu- 
facturers. This  same  demand  has  been  heard  in  Europe  for 
years,  owing  to  the  exorbitant  price  of  fuel  existing  there. 
When  gasoline  sells  at  $1.02  per  gallon,  as  it  did  in  England 
in  191 2,  the  average  motorist  requires  that  one  gallon 
carry  him  farther  than  the  ridiculously  low  distance  of  12 
miles  as  is  a  fair  average  in  America.  Judging  from  the 
indications  of  the  past  two  years  similar  fuel  conditions  will 
soon  be  approached  in  the  United  States.  The  rising  cost 
of  gasoline  has  been  offset  in  Europe  by  an  increased  effi- 
ciency of  the  car.  In  average  commercial  car  practice  the 
vehicle  weight  is  very  close  to  the  carrying  capacity.  The 
ordinary  two  passenger  roadster  of  America  weighs  any- 
where from  1500  to  3700  pounds  and  provides  transporta- 
tion for  a  load  of  300  to  400  pounds  exclusive  of  equipment. 
This  means  that  80  per  cent,  or  more  of  the  fuel  is  spent  in 
moving  the  bare  car  and  the  cost  per  passenger  mile  appears 
enormous.  European  designers  have  reduced  the  rate  of 
car  weight  to  load  in  order  to  cut  the  overhead  cost  of 
running.  The  change  has  been  accomplished  gradually — so 
gradually  as  to  occasion  great  comment  in  neither  Europe 
nor  America.  The  general  trend  of  the  current  automobile 
design  was  followed  and  the  small  car  slowly  developed 
from  the  large  one.  In  France,  however,  one  designer 
worked  out  an  original  idea  and  the  Bedeha  was  created. 
The  newspapers  and  journals  exploited  it  as  a  freak  and  a 
joke  and  spread  the  news  of  the  first  cyclecar  throughout 
the  country.  The  machine  was  propelled  by  a  "V"  type 
twin-cylinder,  air-cooled  motor  set  longitudinally  in  the 
frame.  The  power  was  transmitted  through  a  single  chain 
to  a  jackshaft,  thence  to  the  rear  wheels  by  ''V*'  belts. 
Steering  was  by  hand  wheel  through  shaft,  bobbin,  and 
cable  to  a  pivoted  front  axle.  Tandem  seating  with  narrow 
tread  completed  the  unique  features  of  the  design.  The 
car  showed  speed,  reliability,  comfort  and  economy,  and 
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became  popular.    It  was  copied  and  developed  and  took  the 
name  of  cyclecar. 

But  what  is  a  cyclecar?  What  is  there  about  it  to  dis- 
tinguish it  from  an  automobile?  The  European  cyclecar  is 
limited  in  piston  displacement  to  iioo  c.c.  (67  cu.  in.)  and 
in  chassis  weight  to  672  pounds.  It  may  have  either  three 
or  four  wheels.  These  restrictions  as  to  cylinder  capacity 
and  car  weight  do  not  apply  in  the  United  States  and  a  re- 
vision of  the  definition  is  now  under  discussion  in  England. 
At  the  first  meeting  of  the  Cyclecar  Manufacturers*  Na- 
tional Association  held  in  Chicago  January  27,  1914,  a 
classification  was  adopted  in  order  to  show  each  manufac- 
turer his  standing  in  the  cyclecar  world.  Under  this  ruling 
the  cyclecar  is  a  four  wheeled  vehicle  of  which  the  maxi- 
mum piston  displacement  is  71  cu.  in.  and  the  maximum 
total  weight  with  tanks  empty  is  750  pounds.  The  light  car 
class  includes  those  machines  with  a  motor  capacity  of  71 
to  100  cu.  in.,  and  a  weight  of  750  to  950  pounds.  The 
small  car  has  a  100  to  125  cu.  in.  motor  and  a  weight  of  950 
to  1 1 50  pounds.  This  largest  car  is  far  below  the  present 
small  automobile  in  size.  Nothing  has  been  decided  yet  as 
to  general  standards  of  tread,  seating  capacity  and  arrange- 
ment, or  design  of  any  description.  The  indications  at 
present,  however,  are  that  the  cyclecar  class  will  be  com- 
posed of  cars  fitted  with  air-cooled  motors  of  nearly  maxi- 
mum size,  friction  or  planetary  change-speed  gear  and 
probably  belt  drive.  The  true  cyclecar  obviously  should  be 
built  as  simple  as  possible  compatible  with  safe  and  effective 
performance.  In  the  cyclecar  the  eflfort  has  been  made  to 
combine  the  best  features  of  both  the  automobile  and  the 
motorcycle,  in  a  four  wheeled,  two  passenger  vehicle.  Some 
designers  have  started  with  the  automobile,  others  with  the 
motorcycle;  still  others  have  begun  with  the  intention  of 
building  a  car  light,  simple,  fast,  safe,  comfortable,  econom- 
ical and  reliable,  have  selected  such  parts  of  the  automobile 
and  the  motorcycle  as  would  best  meet  their  requirements 
and  have  combined  them  in  conjunction  with  parts  peculiar 
to  their  own  creations. 

In  the  matter  of  expense,  both  initial  and  operating,  the 
cyclecar  is  far  lower  than  the  average  small  automobile  and 
but  slightly  higher  than  the  motorcycle.  Gasoline  consump- 
tion runs  about  one  gallon  for  35  to  40  miles.  Tire  cost  is 
low,  standard  motorcycle  tires  being  the  usual  equipment, 
of  which  the  full  set  can  be  obtained  at  a  price  below  the 
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ordinary  touring  car  case.  The  wear  on  the  tires  is  slight, 
for  a  cyclecar  with  the  28  inch  by  23^  inch  size  is  overtired. 
A  c>xlecar,  to  be  satisfactory,  must  possess  several  features 
to  a  degree  at  least  as  great  as  the  automobile.  The  ma- 
chine being  new,  will  be  subjected  to  criticism  and  tests 
more  severe  than  that  accorded  the  big  car.  The  first  im- 
pression being  the  most  important,  the  car  should  have,  first 
of  all,  a  good  appearance  with  racy  lines  so  universally 
sought  in  this  type.  It  should  look  comfortable,  sociable, 
sturdy  and  safe,  and,  above  all,  finished.  The  machine 
having  created  a  favorable  first  impression  must  be  capable 
of  supporting  it  in  performance.  It  must  show  speed  with 
easy  riding  and  must  be  quiet  both  in  exhaust  and  in  mov- 
ing parts.  In  order  to  be  economical  in  operation  as  well  as 
to  have  the  desired  speed,  the  weight  should  be  reduced  to 
the  minimum  consistent  with  strength.  The  motive  power 
should  be  properly  proportioned,  for  if  excessive  the  fuel 
consumption  will  rise  quickly  and  the  various  parts  may  be 
overstressed.  The  most  desired  quality,  reliability,  should 
always  be  borne  in  mind  by  the  designer,  the  manufacturer 
and  the  purchaser.  Without  this  essential  element  the  low 
priced  car  may  prove  expensive  in  the  end  and  is  sure  to  be 
a  constant  source  of  annoyance  to  the  owner  and  the  dealer 
as  well  as  of  danger  to  the  passengers. 

That  the  cyclecar  has  two  fields  to  enter  has  already 
been  demonstrated.  As  a  pleasure  car  for  two  it  is  ideal. 
It  can  travel  roads  and  enter  places  impassible  to  the  touring 
car;  it  can  take  bad  turns,  highly  cambered,  slippery  sur- 
face, and  short  choppy  bumps  at  a  speed  and  with  a  degree 
of  comfort  and  safety  altogether  foreign  to  the  auto.  For 
short  trips  of  a  single  day's  duration  it  is  unsurpassed  and 
it  is  also  applicable  for  touring  so  far  as  comfort  and  road 
performance  are  concerned,  but  the  baggage  space  is  neces- 
sarily somewhat  limited.  As  a  commercial  vehicle  the 
cyclecar  is  filling  a  long  felt  want  in  light  package  delivery 
requiring  a  capacity  of  250  to  300  pounds.  It  is  handled 
well  in  city  traffic,  is  quicker  than  any  other  means  used  in 
similar  service,  and  the  operating  cost  is  almost  negligible. 
It  is  by  no  means  a  fair  weather  car,  but  may  be  used  under 
all  conditions  favorable  to  motor  cars.  It  is  especially 
successful  in  rainy  weather  on  pavement,  for  it  does  not 
skid  on  the  most  slippery  asphalt. 

The  cyclecar  of  the  present  is  represented  by  nearly  as 
many  diflferent  types  as  there  are  manufacturers.    The  en- 
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deavor  has  been  to  adapt  the  car  to  American  tastes  and 
American  roads.  Just  how  these  tastes  will  be  best  satisfied 
is  a  question  of  many  sides.  One  thing  is  certain,  European 
designs  will  never  be  popular  in  the  United  States.  The 
foreign  big  car  with  an  appearance  that  appeals  to  the  aver- 
age American  is  a  rarity.  For  this  reason  the  first  season 
will  bring  forth  machines  of  every  description.  It  will  be  a 
period  of  experiment  in  exterior  design.  The  cyclecar  to 
date  has  not  a  single  standard  and  the  establishing  of  stand- 
ards will  probably  be  attended  with  difficulties  at  the  outset. 

In  the  matter  of  power  plants  the  cyclecar  has  a  choice 
of  about  as  many  general  forms  as  the  automobile  and  the 
motorcycle  combined.  On  account  of  light  weight  require- 
ments the  motor  is  of  the  high  speed  type.  The  true  cycle- 
car  will  in  all  probability  be  equipped  with  a  two  cylinder 
motor,  the  light  car  and  the  small  car  with  a  four  cylinder. 
The  latter  is  pretty  well  standardized  from  its  development 
with  the  automobile.  The  cyclecar  on  the  other  hand  offers 
a  large  field  for  the  various  twin  cylinder  designs.  The 
motor  may  be  of  either  vertical,  horizontal,  or  "V"  type, 
hung  longitudinally  or  transversely.  Of  the  two  cylinder 
vertical  motor,  two  kinds  have  been  tried  out  on  the  early 
automobiles.  That  in  which  both  crank  pins  are  on  the 
same  side  of  center  has  good  firing  balance  but  poor  run- 
ning balance.  The  cycles  in  each  cylinder  are  one  revolu- 
tion apart,  but  the  reciprocating  and  the  eccentric  rotating 
parts  can  be  balanced  through  but  a  small  range  of  speed. 
Cranks  on  opposite  sides  give  an  improvement  in  the  run- 
ning, but  the  cycles  occur  at  unequal  intervals — i8o  degrees 
and  540  degrees  apart.  On  account  of  these  defects  this 
motor  has  been  abandoned  almost  entirely  in  the  automobile 
industry.  The  twin  with  the  least  vibration  is  the  opposed 
type.  The  cycles  occur  one  revolution  apart  and  the  re- 
ciprocating parts,  working  in  opposite  directions,  set  up 
forces  which  neutralize  one  another.  Practically  all  of  the 
vibration  is  due  to  the  explosions.  The  chief  objection  to 
the  opposed  motor  is  its  width.  The  narrow  frame  of  the 
machine  renders  transverse  hanging  difficult.  With  longi- 
tudinal setting  the  force  of  each  explosion  tends  either  to 
retard  or  to  accelerate  the  car,  depending  upon  which 
cylinder  is  firing. 

The  twin  "V"  bids  fair  to  become  the  favored  two 
cylinder  motor.  It  is  short  with  a  single  throw  crank  and 
consequently  less  eccentric  weight  than  the  vertical  motor. 
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As  ordinarily  constructed  the  cylinders  are  set  at  an  angle 
of  45  degrees,  but  60  degree  and  90  degree  angles  are  not 
uncommon.  The  first  arrangement  is  the  most  compact  and 
has  the  best  firing  balance  of  the  three.  The  last  is  better 
balanced  kinetically  than  the  others,  but  fires  at  intervals  of 
too  great  variance.  It  is  wide  in  comparison  with  the  45 
degree  motor  and  has  a  long  inlet  pipe,  a  serious  objection 
in  cold  weather.  The  60  degree  motor  is  a  compromise 
between  the  two.  The  firing  order  of  the  45  degree  type  is 
o  degrees,  315  degrees,  720  degrees;  of  the  60  degree,  o 
degrees,  300  degrees,  720  degrees;  of  the  90  degree,  o  de- 
grees. 270  degrees,  720  degrees.  The  "V"  motors  have  been 
well  tested  and  developed  in  connection  with  the  motorcycle 
industry,  and  it  was  at  first  thought  that  the  same  motor 
would  be  equally  satisfactory  in  the  cyclecar.  The  error  of 
this  opinion  was  soon  demonstrated.  A  four  wheeled  ve- 
hicle is  expected  to  travel  more  slowly  on  occasion  than  one 
on  two  wheels,  and  that  without  changing  gears.  Conse- 
quently the  cyclecar  motor  must  contain  heavier  crank  disks 
to  enable  it  to  operate  successfully  at  low  speeds.  The  car 
puts  a  much  heavier  torque  upon  its  motor  than  does  the 
motorcycle  in  accelerating.  For  this  reason  a  comparatively 
stiff  crankshaft  is  required  and  rigid  connections  of  the 
shafts  to  the  disks  are  essential.  A  motor  which  will  drive 
a  motorcycle  through  a  plain  taper  fit  of  the  shaft  in  the 
disk  will  easily  shear  a  7/32  inch  key,  augmenting  the  same 
fit  in  a  cyclecar. 

This  heavy  torque  renders  the  air  cooling  proposition 
more  complicated  with  the  cyclecar.  A  fan  with  free  cir- 
culation of  air  must  be  provided.  The  usual  form  of  air 
cooling  without  jackets  is  not  likely  to  be  practicable  with 
any  but  the  "V"  motor.  Four  cylinders,  even  with  the  best 
air  jackets  and  forced  draft,  have  a  decided  tendency  to 
overheat  as  has  been  proved  conclusively  in  automobile 
practice.  The  water  cooled  four  cylinder  motor  has  the 
greater  popularity  and  will  in  probability  keep  it,  unless 
radical  improvements  are  made  with  the  air.  The  experi- 
ence of  the  early  motor  car  manufacturers  offers  much  of 
value  to  cyclecar  designers. 

In  the  ignition  system  the  cyclecar  was  found  again  to 
break  away  from  motorcycle  precedents  and  teachings. 
Since  the  "V"  motor  fires  at  unequal  intervals  the  high 
tension  magneto,  if  used,  must  be  geared  to  half  crankshaft 
speed.     For  this  reason  the  motor  will  not  run  well  at  low 


Digitized  by 


Google 


62  Purdue  Engineering  Rez'iew 

speeds  since  the  spark  is  not  sufficient  to  fire  the  mixture. 
Besides  the  low  speed  is  the  fact  that  the  interrupter  cannot 
break  contact  at  the  point  of  highest  voltage  for  both 
cylinders.  The  error  is  split  between  the  two  cylinders, 
making  one  fire  22^  degrees  before,  the  other  22^/2  degrees 
after  the  ideal  point,  measured  on  the  armature  travel. 
This  reduces  the  voltage  approximately  30  per  cent,  and, 
combined  with  the  gear  reduction,  gives  poor  ignition  for 
starting  and  slow  running.  The  usual  arrangement  for 
cranking  the  motor  on  the  magneto  by  hand  is  the  provision 
of  a  two  or  three  to  one  gear  between  the  starting  crank  and 
the  crankshaft  in  order  to  obtain  sufficient  speed  for  a 
spark.  By  far  the  most  common  type  of  ignition  for  this 
motor  is  by  high  tension  battery  system  with  non-vibrating 
coil.  The  same  device  is  usually  fitted  to  the  small  four 
cylinder  also,  although  here  the  magneto  is  perfectly 
feasible. 

The  speed  and  torque  control  of  the  cyclecar  is  pro- 
vided for  in  the  same  ways  as  used  in  the  automobile.  In 
the  former,  however,  the  friction  drive  leads  in  popularity 
on  account  of  its  simplicity,  absence  of  noise,  and  its  smooth 
action.  The  power  transmitted  is  not  great  enough  to  re- 
quire frictions  of  excessive  diameter  and  the  chief  objection 
to  this  drive  is  therefore  overcome.  The  danger  of  rapid 
wear  due  to  overloading  is  absent  and  the  possibility  of 
selecting  the  exact  gear  ratio  required  to  drive  the  car  over 
any  road  encountered  appeals  to  the  careful  operator.  The 
friction  may  be  located  in  one  of  two  places — either  ahead 
of  the  dash  next  to  the  motor  or  under  the  seat.  Both 
places  have  their  advantages,  as  will  be  brought  out  later. 
The  sliding  gear  and  the  planetary  transmissions  have  been 
adopted  by  some  manufacturers.  The  former  is  used  prin- 
cipally with  the  four  cylinder  motor.  The  planetary  gear 
has  always  carried  the  objection  to  the  noise  produced  by 
the  pinions  rotating  at  the  high  speed  required.  This  is 
especially  noticeable  in  the  cyclecar  where  the  high  speed 
motor  is  the  rule.  Either  of  these  transmissions  may  be 
placed  in  a  housing  bolted  to  the  motor  or  to  the  rear  axle 
or  carried  between  the  two. 

The  drive  from  the  change  speed  gear  to  the  rear 
wheels  is  usually  one  of  three  standard  types — chain,  shaft 
or  belt.  The  first  is  not  common  in  the  United  States,  but 
has  met  with  considerable  success  in  England  where  the 
single  chain  adherents  are  strong.    The  shaft  drive  is  used 
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in  conjunction  with  the  sliding  and  the  planetary  trans- 
missions. It  connects  with  the  live  rear  axle  through  two 
bevel  gears  or  worm  and  worm  wheel.  The  cars  fitted  with 
the  final  shaft  drive  are  practically  all  out  of  the  cyclecar 
class.  The  transmission  most  popular  among  cyclecar  de- 
signers is  the  double  "V"  belt  from  a  jackshaft  to  each  rear 
wheel.  This  gives  a  flexible  connection  to  the  wheels  and 
thus  saves  the  tires  from  the  strains  occasioned  at  times  by 
a  positive  drive.  A  wide  difference  of  opinion  exists  re- 
garding the  correct  method  of  applying  the  belts.  Some 
designers  favor  a  long  distance  between  pulley  centers  in 
order  to  secure  a  large  arc  of  contact  on  the  driving  pulley. 
Others  prefer  the  short  belt  to  eliminate  sideslap  and  vibra- 
tion. The  belt  has  demonstrated  its  practicability  under  the 
most  adverse  road  conditions  in  water,  mud,  snow  and  dust. 
The  ordinary  leather  belt  must  be  driven  about  100  miles 
before  the  stretch  is  all  out  of  it,  but  the  non-stretchable 
tj-pe  in  which  two  strands  of  steel  cable  are  built  into  the 
belt  between  two  plies  of  leather  seems  to  have  overcome 
this  objection.  Other  belting  materials  which  have  been 
used  with  more  or  less  success  are  rubber  covered  canvas 
and  steel  chains  lined  with  friction  fabric.  With  the  use  of 
the  double  "V"  belts  the  diflFerential  is  dispensed  with,  giv- 
ing greater  simplicity. 

The  steering  of  the  early  cyclecars  was  through  bobbin 
and  steel  cable.  This  arrangement  was  simple,  effective  and 
reliable,  but  the  general  public  showed  such  distrust  in  the 
device  that  it  was  discarded  for  some  one  of  the  standard 
automobile  types.  The  rack  and  pinion  gear  predominates, 
although  the  worm  and  sector  is  very  nearly  as  popular. 
The  Ackerman  linkage  to  the  front  axle  is  used  almost 
exclusively,  except  in  the  few  rare  instances  in  which  the 
front  axle  is  pivoted  in  the  center. 

The  riding  qualities  are  dependent  largely  upon  the 
spring  system.  The  cyclecar  is  often  fitted  with  springs  of 
design  peculiar  to  itself,  but  standard  automobile  suspen- 
sions are  more  popular  at  present.  This  is  probably  due  to 
the  fact  that  these  types  have  been  tested  so  long  that  the 
public  has  confidence  in  them.  Of  the  various  systems  the 
full  elliptic,  three-quarter  elliptic,  semi-elliptic,  and  canti- 
lever are  all  in  use.  The  cyclecar  springs  of  special  design 
are  of  simpler  construction  and  include  the  helical  and  the 
transverse  springs.  The  latter  may  be  swung  over  the  axle 
or  it  may  be  used  as  a  substitute  for  the  axle.     Whatever 
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the  shape,  the  springs  must  have  clearance  to  permit  of  the 
use  of  a  Hght  scale.  A  flexible  spring  with  little  unsprung 
weight  allows  the  wheels  to  take  sudden  jars  without  affect- 
ing the  motion  of  the  body.  It  is  this  feature  that  enables 
the  cyclecar  to  run  away  from  the  automobile  on  a  corduroy 
road. 

The  seating  arrangement  depends  largely  upon  the 
opinions  of  the  designer.  The  tandem  method  gives  slightly 
better  balance  with  one  passenger  in  the  car  than  does  the 
side-by-side.  The  difference,  however,  is  not  noticeable  to 
the  occupant.  This  doubtful  advantage  is  offset  by  the 
greater  sociability  attendant  upon  the  latter  plan  which 
seems  to  be  favored  by  general  opinion.  Staggered  seating, 
which  is  not  widely  adopted,  is  a  compromise  between  the 
two.  The  method  of  seating  naturally  determines  the 
width  of  the  body  which  in  turn  influences  the  tread.  Thus, 
unlike  the  automobile,  the  cyclecar  is  built  with  a  diversity 
of  treads.  The  same  condition  prevails  in  Europe,  but  there 
the  highways  are  so  improved  that  there  is  no  reason  for 
following  the  beaten  tracks  as  is  the  custom  in  America. 
Here  the  aim  is  to  adopt  a  tread  that  will  allow  one  wheel 
to  take  the  wagon  track  and  the  other  the  horse  track.  This 
condition  is  best  met  by  a  tread  of  36  to  40  inches. 
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ALTERNATOR  REOULATION 

D.  LiNDER  Curtner,  'ii 

If  the  load  on  an  alternator  is  increased,  while  the  speed 
and  excitation  are  maintained  constant,  the  terminal  volt- 
age will  in  general  decrease.  Conversely,  when  the  load  on 
the  alternator  is  reduced  the  terminal  voltage  will,  in  gen- 
eral, rise.  The  rise  in  voltage,  when  full  non-inductive  load 
is  reduced  suddenly  to  no-load,  expressed  as  a  per  cent,  of 
full  load  voltage  is  called  the  inherent  regulation  of  the 
machine,  with  constant  speed  and  full  load  excitation  main- 
tained. The  predetermination  of  the  impedance  drop, 
armature  reaction,  voltage  regulation,  and  field  excitation 
at  various  loads  and  power  factors  from  the  dimensions  of 
the  machine  falls  under  a  single  head  and  constitutes  a  very 
important  problem  in  alternator  design. 

After  the  alternator  is  built  it  is  not  always  possible  to 
test  it  accurately  at  the  factory,  principally  because  of  the 
difficulties  of  driving,  loading,  cost  of  such  testing,  and  the 
modern  tendency  toward  large  units  direct  connected  to  the 
prime  mover.  Very  frequently  the  alternator  and  prime 
mover  are  built  by  different  companies  and  are  brought  to- 
gether only  when  installed  in  the  generating  station,  where 
the  facilities  for  accurate  testing  are  not  always  favorable. 
For  the  above  reasons  the  testing  at  the  factory  usually  con- 
sists of  taking  the  open  circuit  characteristic  or  saturation 
curve,  the  short  circuit  characteristic,  a  heat  run,  and  meas- 
urements of  resistance  of  the  windings. 

The  saturation  curve  may  be  readily  calculated  from 
the  dimensions  of  the  magnetic  circuit,  the  flux  density,  and 
the  B-H  curves  of  the  materials  used.  In  predicting  voltage 
regulation,  we  are  principally  concerned  with  the  excitation 
required  for  the  air  gap,  teeth,  and  slotted  portion  of  the 
magnetic  circuit,  since  the  magnetomotive  force  required 
for  the  pole  shoes,  pole  cores  and  yoke  is  not  effective  in 
forcing  flux  into  the  armature  but  is  effective  only  in  over- 
coming the  magnetic  potential  drop  in  the  above  mentioned 
parts.  The  ampere  turns  required  for  the  air  gap  may  be 
calculated  by  determining  the  permeance  and  flux  of  corre- 
sponding areas.     Thus  one  may  select  a  slot  pitch  as  the 
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area,  at  the  center  of  the  pole.    Let 

P3  1=  —  air  duct  permeance 

Pj  =:  permeance  from  tooth  top  to  pole 

D    =:  air  duct  width 

Pg  =   i^  slot  permeance 

P    =  Pj  +  2  Pj  +  2  Pj  =:  permeance  per  slot  pitch 

8     =  air  gap  length 

s     =1  slot  width 

t     =  tooth  width 

In  =  net  axial  length  of  armature 

n    =  number  of  air  ducts 

Remembering  that  permeance  is  the  reciprocal  of  reluctance, 
one  may  write  the  following  equations : 

P    _  _!'" 


2R 


2  P. 


= loge 

4nt  . 
= loge 


s  +  48 


48 

7rD  +  48' 


tl,. 


,  4!"  , 

+ loge 


4n  t  , 
+  - loge 

TT 


VD  +  48 
48 


48 

Considering  that  the  flux  passing  a  given  area  (in  this  case 
a  slot  pitch)  is  expressed  by  <^  1=  m.m.f.  P,  or  <^  1=  .4  ?r  NI  P, 
it  is  relatively  easy  to  show  that  the  ampere  turns  (Nl) 
required  for  the  air  gap  at  the  center  of  the  pole  face  where 
the  lines  of  force  are  sensibly  parallel  are  expressed  by 

.4^P 

Where  B  is  air  gap  density,  A  =z  area  of  a  slot  pitch,  and 
A 


NI  = 


IV  =  ■'■^. 


K  =  the  constant 


By  the  use  of  this  expression  it 


.4  7rP 

is  easy  to  calculate  the  air  gap  ampere  turns  required  at  any 
air  gap  density.  It  is  also  equally  plain  that  a  curve  plotted 
between  NI  and  B  will  be  a  straight  line.  The  calculation 
of  the  excitation  required  for  the  teeth  and  slots  is  so  obvi- 
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ous,  since  it  follows  from  the  expression  HI  =  .4  7rNI,  the 
radial  length  of  tooth  1,  and  readings  taken  from  the  B-H 
curve  of  the  material,  that  more  detail  will  not  be  given  it 
here.     The  sum  of  the  excitation  required  for  the  air  gap, 


and  teeth  and  slots  plotted  as  abscissae  against  air  gap 
density  or  generated  voltage  as  ordinate  gives  the  satura- 
tion curve  desired.  The  air  gap  permeance  is  not  constant 
from  all  portions  of  pole  to  armature  but  varies  according 
to  pole  shaping  and  dimensions. 
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The  drop  in  voltage  caused  by  the  flow  of  current  in 
the  armature  conductors  may  be  divided  under  two  heads — 

(a)  The  impedance  drop,  made  up  of  the  resist- 
ance and  reactance  drops, 

(b)  The  armature  reaction  or  neutraHzing  effect 
of  the  armature  ampere  turns  upon  the  field  ampere 
turns. 

The  magnitude  and  eflfect  of  the  impedance  drop  varies 
with  the  load  and  power  factor  of  the  load  on  the  machine. 
At  unity  power  factor  operation,  the  resistance  drop  is  the 
predominating  factor,  but  as  the  power  factor  reduces,  the 
reactance  becomes  of  more  importance.  The  resistance,  be- 
ing a  function  of  the  cross-section  and  length  of  the  con- 
ductor, as  well  as  the  temperature  at  which  it  operates,  is 
easily  calculated.  The  reactance  is  directly  proportional  to 
the  inductance  of  the  machine.  The  general  scheme  for 
calculating  the  inductance  of  the  armature  winding  may  be 
outlined  as  follows.  Divide  the  winding  into  the  imbedded 
and  end  connection  portions.  Calculate  the  flux  linkage  of 
the  end  connections  per  pole  per  phase  by  using  the  trans- 
mission line  formula  between  appropriate  limits.  Calculate 
the  flux  linkage  per  pole  per  phase  of  the  imbedded  portion 
produced  by  the  flux  passing  across  the  slot  and  also  that 
due  to  the  average  flux  passing  from  tooth  top  to  tooth  top. 
The  sum  of  these  flux  linkages  per  ampere  of  current  multi- 
plied by  the  number  of  poles  and  divided  by  lo®  gives  the 
coefficient  of  inductance  per  phase  in  Henries.  Such  modi- 
fications as  are  necessary  to  adapt  this  general  scheme  to 
the  case  in  hand  are  always  permissible. 

The  magnitude  and  neutralizing  eflfect  of  the  armature 
ampere  turns  also  varies  with  the  load,  on  the  assumption 
that  the  voltage  remains  constant  and  current  varies,  and 
the  power  factor  of  the  load  on  the  alternator.  This  leads 
to  the  calculation  of  the  magnitude,  and  to  the  determina- 
tion of  the  position  of  the  armature  m.m.f  relative  to  the 
field  m.m.f.  The  m.m.f.  of  a  loop  of  wire  is  always  perpen- 
dicular to  the  plane  of  the  loop,  or  if  the  turns  do  not  all  lie 
in  the  same  plane,  the  m.m.f.  will  be  perpendicular  to  the  re- 
sultant of  the  group  of  turns.  The  voltage  of  rotation  will  be 
a  maximum  where  the  flux  is  a  maximum.  Hence  if  the 
voltage  and  current  waves  be  assumed  sinusoidal  and  in 
phase,  the  maximum  will  occur  when  the  coil  is  passing 
the  center  of  the  pole,  and  O  B  in  Fig.  4  indicates  the  direc- 
tion of  the  armature  m.m.f.  of  phase  No.  i.    Thus  if  the 
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current  is  in  phase  with  the  voltage,  the  m.m.f.  of  the  coil  is 
90°  out  of  phase  with  the  voltage  of  revolution,  and  also 
90°  out  of  phase  with  the  field  m.m.f.  In  this  position  it 
will  be  noted  that  the  armature  reaction  is  entirely  dis- 
torting in  its  action.  When  the  plane  of  the  coil  is  at  right 
angles  to  the  field,  the  current  in  the  armature  conductor 
is  zero,  hence  when  in  position  to  demagnetize  the  field, 
the  armature  m.m.f.  is  zero.  With  power  factors  other 
than  unity  the  maximum  of  the  voltage  and  current  waves 
does  not  occur  at  the  same  instant,  so  that  with  lagging  cur- 
rent, the  position  of  the  armature  m.m.f.  will  be  90°  plus 
the  power  factor  angle  out  of  phase  with  the  field  m.m.f. 
as  shown  in  Fig.  8,  and  for  leading  current  the  phase  angle 
between  field  and  armature  m.m.f.  will  be  90*^  minus  the 
power    factor  angle.     The  magnetizing  or   demagnetizing 


F.3.^4. 


effect  of  the  armature  m.m.f.  is  much  greater,  as  is  evi- 
denced by  a  comparison  of  Fig.  5  and  Fig.  8. 

It  is  desirable  to  know  the  shape  and  magnitude  of 
the  armature  m.m.f.  Let  the  discussion  here  be  limited 
to  a  three  phase  alternator  and  for  simplicity  of  demonstra- 
tion choose  a  two  pole  machine. 

Since  the  winding  of  one  phase  of  a  three  phase  ma- 
chine is  spread  out  over  —  electrical  degrees,  it  becomes 
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necessary  to  sum  up  the  components  of  field  due  to  each 
turn  into  a  common  direction,  OB,  Fig.  4.  Reducing  the 
calculations  to  the  armature  ampere  turns  per  pole  in  terms 
of  one  phase  the  procedure  is  as  follows : 

Let  T  =:  turns  per  pole  per  phase  =  OB 

12 


Area  AOB  izi  f      /''/"  P  d  P  d  ^  = 

.2165  1'' 


Area  AOF  1=  '^' 


sm         Los  — 


3  3  ^ 

OF  z=  T  Cos  60°  =  .5  T 

Area  AOB  +  Area  AOF      ^,^        j^  ^-^iCsT^ 

OF =  oi^  =  — ^yr —  ^  -955  T, 

which  is  the  summation  of  the  projections  of  OA  on  OB  as 

B  varied  from  -r~to  zero.    If  the  current  wave  is  sinusoidal 
0 

the  instantaneous  value  is 

i  =  \rn.  sin  a 

where  i  is  any  instantaneous  current  valve,  I^  is  the  maxi- 
mum current  value  and  a  is  the  electrical  angle.  Then  the 
summation  of  the  armature  ampere  turns  for  phase  No.  i 
at  any  instant  is, 

Nlia  =  .955  Tim  sin  a 
A  similar  expression  will  suffice  for  phases  No.  2  and  No.  3 
if  to  a  is  added  the  angular  diflference  between  the  phases. 
Then  for  phase  No.  2, 

Nl^a  =  .955  Tim  sin  (a  +  6o) 

and  phase  No.  3, 

Nl^a  =  .955  Tim  sin  (a  —  6o) 

Adding  and  simplifying  the  expressions  for  phases  No.  i, 
No.  2,  and  No.  3,  the  armature  ampere  turns  per  pole  are, 

NIfa=    (2)    (.955  Tim  sin  a) 

Under  these  conditions  it  is  shown  that  the  curve  of  arma- 
ture m.m.f.  obeys  a  sine  law  and  is  of  the  magnitude  indi- 
cated by  the  equation.  A  similar  development  of  machines 
of  any  number  of  phases  results  only  in  a  change  in  the 
constant  (2)  (.955). 
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The  magnetomotive  force  of  the  field  must  be  sufficient 
to  neutralize  the  effect  of  annature  reaction  and  also  set  up 
flux  entering  the  annature  in  amount  proportional  to  the 
generated  voltage,  if  the  speed  is  to  be  maintained  constant. 
The  amount  of  distortion  and  demagnetization  or  magnet- 


ization caused  is  proportional  to  the  relative  strengths  of  the 
field  and  armature  m.m.f.,  the  power  factor  of  operation, 
and  the  degree  of  saturation  of  the  armature  teeth.  This 
is  shown  to  a  marked  degree  by  the  comparison  of  the  areas 
of  curve  B  (69.4  sq.  cm.),  Fig.  9,  where  the  power  factor 
is  .71,  and  curve  B  (89  sq.  cm.),  Fig.  6,  where  the  power 
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factor  is  unity,  also  by  comparison  of  the  B'  m.m.f.  curves, 
Fig.  8  and  Fig.  5,  for  the  above  B  curves  respectively. 

A  concrete  example  of  a  300  kv.a.,  200  r.p.m.,  36  pole, 
2200  volt,  60  cycle,  3  phase,  Y  connected  alternator  will 
probably  serve  to  elucidate  the  foregoing  abstract  discussion. 


The  no  load  and  full  load  (unity  P.  F.)  exci- 
tation per  pole  required  for  the  air  gap  teeth  and  slots  is 
3800  and  4250  ampere  turns  respectively,  (see  Fig.  5),  and 
the  armature  ampere  turns  per  pole,  maximum,  is  150.  From 
the  m.m.f.  curves  C  and  A'o,  are  plotted  the  flux  curves  C 
and  A"  respectively,  representing  the  air  gap  flux  distribu- 
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tion  at  full  load  (unity  power  factor),  and  a  no  load  flux  dis- 
tribution when  full  load  field  is  maintained.  From  the  flux 
curves,  just  mentioned,  the  voltage  waves  may  be  plotted  in 
polar  coordinates,  the  measurements  of  which  permit  the 


Ci 


finding  of  the  effective  value,  the  calibration,  and  hence  the 
regulation.  From  these  voltage  curves  it  is  found  that  the 
effective  value  of  A"  is  1366  volts,  while  the  effective  voltage 
of  C  is  1 3 10  volts.  The  impedance  drop  is  40  volts,  leaving 
a  terminal  voltage  of  1270  volts  per  phase.    The  regulation 

r    11  (1.366 1270)    100  ^ 

at  once  follows  as  ■ =  7.c;6  per  cent. 

1270  ^  ^     * 
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Similarly  from  Fig.  8,  Fig.  9,  and  the  voltage  wave  for  .71 
power   factor  we  obtain  the  regulation  at  .71   p.f.  to  be 

(1590 — 1270)  100  .      n^u  I.       r  X    X 

^  ^^ ^—^ =  25.2  per  cent.    The  results  of  test 

1270  ^     *^ 

data  give  the  regulation  at  unity  p.f.  as  7.5  per  cent.,  while 
the  test  data  for  .71  p.f.  is  not  available. 

This  method  of  calculating  voltage  regulation  which 
utilizes  the  voltage  wave  shape  as  it  exists,  may  be  applied 
to  either  freak  or  standard  designs,  since  it  is  calculated  en- 
tirely from  design  data.  The  results  conform  reasonably 
close  to  those  obtained  in  actual  tests. 
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POINTS  OF  INTEBEST  DXTBING  THE  GONSTBUG- 

TION  PERIOD  OF  THE  PANAISAPAGIFIG 

INTEBNATIONAL  EXPOSITION 

C.  H.  Munson,  'ii 

The  Panama- Pad  fie  International  Exposition  Company 
was  organized  by  a  number  of  public  spirited  citizens  of  the 
city  of  San  Francisco  for  the  purpose  of  celebrating  the 
completion  of  the  Panama  Canal,  an  engineering  achieve- 
ment well  worthy  of  some  fitting  demonstration  such  as  an 
international  exposition.  It  is  the  purpose  of  this  paper  to 
give  to  those  interested  in  engineering  and  construction 
work  a  resume  of  the  various  features  of  interest  entering 
into  the  activities  of  the  division  of  works  of  this  company 
during  the  pre-exposition  period,  together  with  a  more  de- 
tailed analysis  and  comparison  of  some  of  the  construction 
methods  in  use. 

The  division  of  works,  which  is  responsible  for  the 
design  and  installation  of  all  features  of  construction,  is 
divided  for  organization  purposes  into  seven  major  depart- 
ments— the  department  of  construction,  the  department  of 
civil  engineering,  the  department  of  mechanical  engineering, 
the  department  of  landscape  engineering,  the  department  of 
architecture,  the  department  of  color  and  decoration,  and 
the  department  of  sculpture.  These  various  departments 
each  have  immediate  charge  of  work  pertaining  to  the 
planning  and  development  of  the  special  work  alloted  to 
them. 

In  addition  to  the  above  major  subdivisions  there  have 
been  created  a  number  of  bureaus  for  the  systematic  pfose- 
cution  of  the  various  parts  of  the  work.  Among  these  are 
the  following  which  have  to  do  particularly  with  the  various 
details  entering  into  the  engineering  design  and  construction 
activities.  The  bureau  of  structural  engineering,  is  respon- 
sible for  the  design  and  preparation  of  plans  for  all  struc- 
tural features;  the  bureau  of  building  construction,  has 
direct  charge  of  all  building  construction,  directs  building 
inspectors  in  their  duties  and  makes  up  monthly  estimates 
of  work  completed,  on  which  basis  progress  payments  are 
made;  the  bureau  of  estimates,  in  charge  of  the  waiter,  has 
direct  charge  of  preparing  all  preliminary  estimates  of  cost 
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of  proposed  structures  and  also  final  estimates  of  cost  of 
the  various  structures  from  the  final  plans  as  sent  out  for 
bids.  A  more  exact  statement  of  the  activities  of  this 
bureau  is  given  elsewhere  in  this  article;  the  bureau  of 
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Typical  Framing  of  Machinery  Hall.    Taken  Oct.  28,  1913. 

specifications,  is  responsible  for  the  general  form  and  stand- 
ardization of  all  specifications;  the  bureau  of  engineering 
construction,  handles  the  force  account,  establishes  grades, 
makes  necessary  surveys,  etc. ;  the  bureau  of  water  supply 
and  fire  protection,  has  charge  of  fire  protection  measures, 
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and  is  responsible  for  the  design  and  installation  of  high 
and  low  pressure  water  systems. 

In  addition  to  the  above  there  are  a  number  of  bureaus 
which  are  important,  but  having  a  less  direct  connection 
with  the  actual  engineering  and  construction  operations,  will 
be  only  mentioned  herein  as  follows :  The  bureau  of  rail- 
ways, the  bureau  of  illumination,  and  the  bureau  of  design. 

After  considerable  deliberation  on  the  part  of  the  ex- 
position officials  they  selected  the  *' Harbor  View"  lands  as 
the  site  on  which  to  build  the  exix)sition.  In  conjunction 
with  these  lands  there  will  also  be  used  a  certain  portion  of 


Typical  Splice  in  Main  Truss  Supporting  Dome  of  Palace  of  Education. 

the  Presido  Fort  Mason  Military  Reservation.  These  lands 
front  on  the  bay  and  afford  an  exceptional  view  of  the  bay 
and  surrounding  land.  The  maximum  height  of  the  site 
selected  is  82  feet  above  sea  level,  though  most  of  the  land 
is  flat.  On  three  sides  the  site  is  backed  by  high  hills,  which 
in  themselves  have  caused  no  end  of  talk  and  discussion 
regarding  transportation  facilities  during  the  exposition 
period. 

The  preparation  of  the  selected  site  for  the  commenc- 
ing of  building  construction  was  in  itself  no  small  under- 
taking, since  there  were  required  about  1,700,000  cubic 
yards  of  fill.  This  fill  was  accomplished  by  hydraulic 
dredges  at  a  cost  of  301,000  dollars.  As  the  main  portion 
of  the  buildings  erected  by  the  Exposition  Company  are 
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located  on  this  fill  it  has  been  necessary  to  use  piles  for  the 
main  foundations  throughout,  and  four  of  the  main  build- 
ings have  their  floors  supixjrted  on  piles. 

The  major  portion  of  the  buildings  will  be  of  timber 
construction,  although  a  few  will  be  framed  in  steel.  The 
construction  of  the  buildings  will  require  the  use  of  about 
70,000,000  feet  of  lumber.  In  order  to  standardize  the  work 
of  design,  the  following  table  of  allowable  stresses  for 
timber  was  issued  to  all  designers. 


(for  DOUGLAS  FIR) 

End  compression 

1600  lbs. 

per  sq. 

in. 

Compression  across  fibre 

350  lbs. 

per  sq. 

in. 

Shear  parallel  to  grain 

150  lbs. 

per  sq. 

in. 

Tension 

1200  lbs. 

per  sq. 

in. 

Bending-transverse  fibre 

1500  lbs. 

per  sq. 

in. 

Columns 

P-1600  ri- 

1/60 L/I 

3) 

The  wind  loads  used  in  design  on  walls  under  150  feet 
in  height  were  taken  at  20  lbs.  per  sq.  ft.  of  exposed  sur- 
face ;  on  interior  courts,  10  lbs.  per  sq.  ft. ;  on  roofs,  30  lbs. 
per  sq.  ft.  in  a  horizontal  direction,  and  for  sloping  roofs 
reduced  by  Duchemin's  formula.  The  stresses  in  steel 
members  were  taken  according  to  Ketchum's  *'Mill  Build- 
ings'* specifications;  16,000  lbs.  per  sq.  in.  tension.  All  rods 
in  trusses  were  given  3000  lbs.  initial  tension,  and  all  stresses 
increased  25  per  cent,  for  wind.  The  details  in  timber 
design  call  for  more  attention  than  in  steel  design  since 
there  is  no  handbook  of  standards  for  timber  connections 
such  as  the  Cambria  and  Carnegie  handbooks  for  steel,  and 
to  reduce  this  work  to  a  minimum  the  bureau  issued  a  sheet 
showing  the  various  standards  to  be  used.  During  the  de- 
sign in  timber  framing  it  is  also  necessary  to  inspect  the 
work  with  a  view  to  using  sizes  of  material  which  are  most 
easily  and  economically  obtained  in  the  open  market.  This 
part  of  the  work  was  largely  handled  on  the  advice  of  the 
bureau  of  estimates,  which  bureau  prepared  all  lumber  lists 
and  specifications  for  lumber  contracts. 

Those  familiar  with  construction  work  will  readily 
realize  the  truth  of  the  statement  that  in  building  construc- 
tion when  the  contract  cost  of  the  work  ranges  from  200,000 
to  400,000  dollars,  the  contractor  must  plan  his  work  ac- 
curatelv  and  systematically  and  be  ever  on  the  outlook  to 
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see  that  all  false  motions  are  eliminated,  if  he  is  to  realize 
the  profit  which  he  figured  into  the  contract  price. 

A  few  false  moves  of  the  fundamental  nature,  such  as 
over  equipment  of  the  work  or  improper  planning  of  fabri- 


3 


cation  operations  with  the  attendant  result  that  the  erection 
equipment  is  permitted  to  be  idle,  will  soon  eat  up  whatever 
profit  there  may  originally  have  been  in  the  contract  price 
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and  the  contractor  who  makes  these  errors  may  consider 
himself  lucky  if  at  the  completion  of  his  contract  his  books 
do  not  show  an  actual  loss  on  the  work. 

No  where  has  the  writer  seen  a  better  opportunity  for 
the  comparison  of  construction  methods  than  is  to  be  had 
in  the  construction  of  the  main  group  of  eight  buildings. 
Of  these  eight  buildings,  three  are  under  contract  with  one 
firm,  two  with  another  firm,  while  each  of  the  remaining 
three  buildings  is  under  contract  with  a  separate  firm.  It  is, 
therefore,  possible  to  compare  the  work  and  methods  of 
five  different  concerns,  each  doing  the  same  type  of  work 
and  working  under  similar  conditions,  as  regards  ground 
space  available  for  plant  and  storage  of  materials,  time 
limitations,  transportation  facilities,  centers  of  population 
and  the  like. 

In  making  comparison  of  methods  used,  the  reader 
should  recall  that  the  Exposition  Company  furnished  a  cer- 
tain amount  of  lumber  required  for  the  construction  of  any 
one  building.  This  is  the  major  portion  of  the  lumber 
required,  and  a  very  carefully  prepared  detailed  lumber  list 
is  furnished  to  the  contractor  to  show  him  exactly  what  size 
and  length  of  material  was  ordered  to  cover  the  lumber 
required  for  a  given  purpose.  This  was  necessary  on 
account  of  the  fact  that  no  two  people  in  preparing  a  buying 
list  would  make  the  same  combination  of  the  various  short 
pieces  of  lumber  required  in  actual  construction.  It  also 
should  be  remembered  that  due  to  the  limited  space  avail- 
able for  purposes  of  storage  of  material,  it  was  found  neces- 
sary to  insert  a  clause  in  the  contract  providing  that  a 
contractor  should  construct  the  floor  of  his  building  before 
beginning  on  other  work.  By  doing  this  he  was  enabled  to 
use  the  floor  space  for  plaster  shop,  storage  of  material,  etc. 

We  then  have  a  condition  admitting  of  very  little  initia- 
tive on  the  part  of  the  contractor  up  to  the  time  the  floor  is 
completed.  As  soon  as  work  starts  on  the  super- structure 
we  find  that  there  are  two  general  plans  of  procedure  being 
followed.  First,  there  is  the  method  of  placing  all  material 
necessary  for  the  various  parts  of  the  structure  on  the  floor 
and  fabricating  the  various  columns  and  trusses  in  their 
approximate  location,  this  fabrication  being  nearly  com- 
pleted before  any  erection  is  begim.  The  erection  work  is 
then  begun  and  the  construction  superintendent  gives  his 
time  entirely  to  this  operation.  Second,  there  is  the  method 
of  placing  materials  on  the  floor  for  a  small  portion  of  the 
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structure  and  concentrating  the  fabricating  force  on  this 
one  particular  portion.  While  this  work  is  going  on,  the 
erection  equipment  is  assembled  so  that  as  soon  as  there  is 


a  day's  work  ahead  for  the  erection  crew,  the  work  of 
erection  is  started,  and  from  this  point  on  the  erection  crew 
is  not  more  than  a  day  behind  work  of  fabrication. 
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Assuming  that  those  in  charge  of  the  work  have  taken 
the  necessary  steps  to  insure  reasonably  prompt  delivery  of 
materials,  the  two  general  methods  as  above  outlined  each 
have  their  good  points.  The  first  method  is  to  be  recom- 
mended because  of  the  following  points:  the  maximum 
amount  of  time  is  obtained  for  study  of  erection  methods 
and  equipment  to  be  used;  the  energies  of  the  contractor 
and  his  superintendent  may  be  concentrated  on  one  oper- 
ation at  a  time;  the  chances  of  delay  in  the  work  of  the 
erection  crew  are  reduced  to  a  minimum;  the  maximum 
flexibility  in  fabrication  operations  is  obtained;  and  the 
chances  of  accident  to  workmen  during  fabrication  oper- 
ations is  reduced  to  a  minimum  since  there  is  no  danger  of 
accidental  injury  due  to  material  falling  from  above.  The 
principal  arguments  against  the  first  method  are  as  follows : 
It  is  to  the  advantage  of  the  contractor  to  get  the  material 
in  place  and  receive  the  progress  payment  on  the  same; 
there  is  little  chance  of  that  very  desirable  rivalry  between 
fabrication  and  erection  crew  which  tends  to  expedite  the 
work  of  each ;  the  first  law  of  the  efficiency  expert  is  vio- 
lated in  the  fact  that  there  is  a  lapse  in  the  continuity  of  the 
process  of  construction.  In  other  words,  the  parts  first 
fabricated  lie  inert  for  a  month  or  six  weeks  after  being 
completed  ready  for  the  final  operation  of  erections;  and 
where  time  is  of  the  essence  of  the  contract,  as  is  manifestly 
true  in  the  work  under  consideration,  it  is  quite  probable 
that  this  method  will  require  twice  the  outlay  in  erection 
equipment  that  would  be  required  in  the  second  method. 

Let  us  now  consider  the  arguments  in  favor  of  the 
second  method:  the  minimum  amount  of  capital  is  tied  up 
since  the  maximum  amount  of  material  handled  is  subject 
to  monthly  progress  payments;  the  outlay  for  erection 
equipment  is  reduced  to  a  minimum;  the  work  of  fabrica- 
tion is  prosecuted  to  a  maximum  speed  since  delay  in  fabri- 
cation means  loss  of  both  time  and  money  in  erection.  The 
principal  arguments  against  the  second  method  may  be 
summed  in  that  liability  to  accident  from  pieces  of  material 
falling  from  overhead  is  slightly  increased,  and  delay  in  the 
prompt  delivery  of  any  one  item  of  material  is  more  liable 
to  cause  serious  delay  in  erection  and  consequent  loss  of 
profit  on  the  equipment. 

As  a  rule,  it  is  more  reasonable  to  base  one's  decision 
on  concrete  results  than  on  the  intangible,  and  following 
this  rule  it  would  appear  that  the  second  general  method 
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should  be  followed.     The  foregoing  is  in  the  nature  of  a 
theoretical  analysis  of  methods  and  in  this  connection  it  is 
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interesting  to  note  actual  results  as  obtained  on  the  con- 
struction of  the  eight  main  buildings  above  referred  to.  Of 
the  five  contracting  firms  doing  this  work,  four  followed 
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the  first  method,  and  one  the  second  method  of  procedure ; 
or,  in  other  words,  six  of  the  buildings  are  being  built  on 
the  first  method  and  two  on  the  second  method. 

The  contracts  for  the  buildings  were  let  in  the  follow- 
ing order : 

1.  Palace  of  Education  March  17,  1913 

2.  Palace  of  Food  Products  April  9,  1913 

3.  Palace  of  Agriculture  April  26,  19 13 

4.  Palace  of  Liberal  Arts  May  20,  191 3 

5.  Palace  of  Manufactures  May  26,  1913 

6.  Palace  of  Transportation  July  14,  1913 

7.  Palace  of  Varied  Industries  June  17,  1913 

8.  Palace  of  Mines  July  15,  191 3 

The  first  six  buildings  in  the  above  list  are  the  ones 
which  are  being  constructed  according  to  the  first  method, 
while  the  last  two  are  being  constructed  according  to  the 
second  method.  Of  the  first  six  buildings  the  fourth,  fifth, 
and  sixth  as  shown  in  the  list  are  distinctly  behind  the  last 
two,  and  some  feel  that  it  is  more  than  possible  that  the  last 
two  buildings  shown  in  the  list  will  be  completed  before  the 
second  and  third  are  completed.  This  condition  is  not  en- 
tirely due  to  following  the  second  general  method  of  pro- 
cedure on  the  last  two  buildings,  but,  in  the  opinion  of  the 
writer,  a  large  measure  of  the  rapidity  and  general  success 
of  this  contracting  firni  is  due  to  the  general  method  which 
they  selected. 

In  addition  to  the  work  of  building  construction  the 
bureau  of  estimates  also  has  to  deal  with  the  contracts  for 
the  construction  of  sewers,  high  pressure  and  low  pressure 
water  systems,  paving,  and  electric  wiring.  The  sewers 
are  constructed  principally  of  wood  stave  pipe  for  the  large 
diameter  and  second  quality  vitrified  tile  pipe  for  the 
smaller  sizes.  Lap  welded  steel  pipe  with  converse  lock 
joints  is  used  for  the  low  pressure  water  system,  while  for 
the  high  pressure  water  system  a  heavy  grade  of  lap  welded 
steel  pipe  with  dressed  couplings  and  long  radius  extra 
heavy  cast  iron  flanged  fittings  are  used.  The  electric  wir- 
ing is  of  the  open  knob  and  cleat  type.  The  material  and 
workmanship  will  comply  with  the  191 3  edition  of  the 
National  Electric  Code. 
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In  closing  this  paper  it  may  be  of  interest  to  state  the 
following  distribution  of  funds  for  the  construction  work 
as  outlined  above : 

General  construction  $2,044,000.00 

Mechanical  features  492,000.00 

Fire  protection  and  equipment  166,000.00 

Building  construction  5,864,000.00 

Decorative  features  1,989,000.00 


$10,555,000.00 

The  remaining  $945,000.00  not  here  accounted  for  but 
allotted  in  the  budget  for  buildings  and  grounds,  is  set  aside 
to  cover  the  cost  of  gardens  and  planting,  operating  equip- 
ments, administrative  expenses  of  the  division  of  works, 
and  miscellaneous  items,  such  as  drinking  fountains,  seats 
and  benches  around  the  grounds,  furniture  for  the  Exposi- 
tion Company's  building,  floats  for  pyrotechnics,  small  boat 
landings,  freight  platforms,  etc. 
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THE  INSTALLATION  OF  A  COST  SYSTEM 

H.  E.  Caldwell,  'io 

The  rapid  development  of  our  industries  during  recent 
years,  together  with  the  complexity  of  their  output,  is  mak- 
ing it  necessary  for  the  executive  to  know  exactly  what  his 
plant  is  doing  at  all  times.  To  meet  competition  he  finds  it 
necessary  to  know  not  only  what  each  completed  manufac- 
tured article  costs,  but  he  must  know  what  each  part  and 
each  operation  costs.  A  comparative  study  of  similar  parts 
or  operations  often  disclose  "leaks,"  which  can  be  eliminated 
and  better  manufacturing  methods  substituted.  An  analysis 
once  a  month  or  oftener,  instead  of  once  a  year  from  the 
inventory,  discloses  the  dull  and  busy  periods,  also  the  fluc- 
tuations in  the  market.  He  is  thus  enabled  to  redistribute 
his  output  more  uniformly. 

These,  and  many  other  conditions,  have  given  rise  to 
cost  accounting.  It  has  been  rightly  said  that  cost  account- 
ing begins  where  regular  accounting  ends,  and  it  is  largely 
an  engineering  problem.  When  it  is  applied  to  an  industry 
with  sufficient  details,  the  cost  system  should  give  cost  per 
unit  for  each  product ;  give  operation  costs ;  give  location 
and  condition  of  each  unfinished  job;  show  amounts  of  pro- 
ductive labor  and  non-productive  labor,  and  their  distribu- 
tion ;  show  amounts  of  productive  and  non-productive  ma- 
terial ;  show  total  output  by  operation ;  show  average  output 
per  month ;  show  ratio  of  expense  to  productive  labor  per 
department ;  compare  operation  costs  to  see  if  change  meth- 
ods result  in  net  saving ;  compare  total  costs  per  month  with 
sales ;  and  give  costs  of  all  goods  sold. 

There  are  about  as  many  systems  as  there  are  indus- 
tries, so  that  no  standard  system  can  be  given  to  cover  all 
cases.  It  is  the  purpose  of  this  article  to  give  briefly  some 
suggestions  that  might  prove  helpful  in  installing  a  system. 

The  first  thing  necessary  is  to  find  out  exactly  what 
costs  the  executive  actually  wants  and  needs  to  know.  It 
is  necessary  to  have  his  hearty  cooperation,  for  his  attitude 
will  affect  the  rest  of  the  organization,  and  without  it  the 
system  would  be  about  as  useful  as  an  idle  machine  in  his 
plant.  The  abilities  and  habits  of  the  rest  of  the  organiza- 
tion should  be  known  and  utilized,  as  much  as  possible. 
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Habit  often  means  efficiency,  and  it  plays  a  large  part  in  any 
industr\\  Men  should  be  allowed  to  do  the  work  for  which 
they  are  best  fitted.  Caution  should  be  used  in  creating  new 
departments  to  satisfy  an  accounting  system.  Rather  the 
system  should  be  made  to  fit  the  existing  conditions.  This 
exact  knowledge  of  the  men  and  the  conditions  in  a  plant 
cannot  be  acquired  easily  by  an  outsider  in  a  short  time. 
Many  of  the  failures  of  cost  systems,  after  they  have  been 
installed,  can  be  traced  to  this  cause.  This  is  why  many 
companies  are  enlisting  the  services  of  their  own  engineers 
in  the  solution  of  this  problem. 

The  frame  work  upon  which  the  whole  system  is  built 
is  the  chart  of  accounts.  The  more  care  that  is  taken  in 
getting  this  as  nearly  exact  as  possible,  before  the  work 
starts,  the  better  the  results  will  be.  There  should  be  a  chart 
of  general  accounts,  which  may  be  subdivided  as  follows : 

Assets 
Cash  accounts. 
Inventory  accounts. 
Plant  accounts. 

(a)  Real  estate  and  buildings. 

(b)  Machines  and  tools. 

L1ABII.1TIES 
Outside  accounts. 

(a)  Accounts  payable. 

(b)  Interest  and  discount. 
Reserve  accounts. 

(a)  Depreciation  on  buildings. 

(b)  Depreciation  on  machinery. 

(c)  Interest  on  investment. 

(d)  Taxes. 

(e)  Repairs. 

(f )  Inventory  overs  and  shorts. 
Capital  accounts. 

(a)  Investments. 

(b)  Profit  and  loss. 

An  operation  chart  of  accounts  is  also  necessary.  The 
plant  should  be  divided  into  its  productive  and  non-produc- 
tive centers  or  departments.     Under  each  department  may 
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be  listed  the  operations  performed  in  that  department,  and 
as  nearly  in  the  order  in  which  they  are  performed  as  pos- 
sible. Care  should  be  used  in  showing  only  those  operations 
whose  costs  it  is  necessary  to  know.  Otherwise,  the  office 
is  easily  swamped  with  useless  details.  Later  each  depart- 
ment can  be  subdivided  as  much  as  is  deemed  necessary. 

Each  department  and  each  operation  may  contain  the 
following  accounts:  Labor,  fuel,  fixed  charges,  sundries, 
supplies,  and  power.  Each  account  in  the  chart  should  have 
an  individual  number,  and  this  number  should  be  used  in- 
stead of  the  name  of  the  account,  as  it  will  save  a  great  deal 
of  clerical  labor.  An  example  of  this  kind  of  a  chart  is  as 
follows : 

Steam  Plant 

Acct.  No.  140  Labor 

141  Fuel 

142  Fixed  charges 

143  Sundries 

Sheet  Metal  Department 

144  Labor 

145  Fixed  charges 

146  Sundries 

Blanking 

147  Labor 

148  Power 

149  Fixed  charges 

150  Sundries 

One  of  the  most  important  items  affecting  the  true 
costs,  is  the  proper  interpretation  and  distribution  of  the 
values  of  the  buildings  and  equipment  in  the  plant.  These 
values  are  placed  in  the  fixed  charge  accounts.  A  very  good 
method  of  obtaining  and  recording  these  fixed  charges  is 
by  the  use  of  the  fixed  charge  sheet.  This  sheet  should 
show  the  names,  values  and  rates  of  depreciation  of  the 
various  items  charged  to  each  operation,  and  it  is  very  con- 
venient in  the  handling  of  future  changes  of  operations  or 
equipment. 

Before  obtaining  the  values  of  the  equipment,  a  plat 
of  the  plant  should  be  obtained  and  the  various  buildings 
should  be  designated  by  some  symbol;  i.  e.,  Building  A, 
Building  B.    Then  drawings  of  the  floor  area  of  the  differ- 


Digitized  by 


Google 


Cost  System — Caldwell  89 

ent  buildings  should  be  obtained.  These  drawings  should 
show  the  location  of  the  machines,  motors,  line  shafts,  and 
such  other  equipment  as  seems  advisable.  The  machines 
should  all  be  numbered  for  purposes  of  identification  and 
repair  record.  A  very  successful  method  of  numbering  the 
machines  is  to  let  the  first  symbol  be  that  of  the  building, 
the  second  the  number  of  the  floor,  and  the  third  of  the 
machine.  Thus,  A-2-17  shows  that  it  is  machine  No.  17 
on  the  second  floor  of  building  A.  The  floor  space  should 
be  divided  into  sections ;  the  productive  space  being  charged 
directly  to  the  various  operations,  and  the  non-productive 
space  being  charged  to  the  general  fixed  charge  account  for 
the  department  in  which  it  is  located. 

In  obtaining  the  physical  value  of  the  plant,  it  is  con- 
venient to  obtain,  where  possible,  the  original  value  of  the 
various  items  from  appraisals,  office  records,  or  unit  cost 
data,  and  then  obtain  a  certain  per  cent,  of  the  original 
value  for  the  present  value.  The  "present  value'*  does  not 
necessarily  mean  the  price  for  which  the  owners  would  be 
willing  to  sell  the  equipment,  nor  the  price  that  could  be 
obtained  by  selling  to  others,  nor  the  cost  to  produce,  but 
it  should  represent  the  value  of  the  equipment  to  the  own- 
ers in  continuing  the  manufacturing  processes  as  they  now 
exist.  Any  change  in  methods  or  equipment  which  can  be 
foreseen,  can  be  taken  care  of  by  a  greater  rate  of  deprecia- 
tion. 

To  avoid  confusion,  repetition  or  omission  of  fixed 
charge  items,  it  is  advisable  to  group  them  into  separate 
classes,  and  to  collect  the  costs  of  each  group  separately. 
Items  should  be  charged  directly  to  operations  where  |x)s- 
sible.  If  they  are  common  to  more  than  one  operation,  their 
value  should  be  prorated.  The  following  shows  the  method 
of  classifying  and  obtaining  values  for  the  fixed  charge 
sheet : 

Machines — Includes  initial  cost,  cost  of  installation, 
driving  belts  and  countershaft.  Charge  directly  to  operation. 

Furnaces — Includes  initial  costs,  installation  and  initial 
bricking.    Charge  directly  to  operation. 

Blowers — Cost  installed.  Charge  directly  or  prorate 
by  number  of  burners. 

Piping  air  and  oil — Cost  installed  including  mains, 
branches,  storage  tanks,  stand  pipes,  and  pumps.  Prorate 
by  the  number  of  burners. 
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Transmission — Cost  installed  of  line  shafts,  pulleys, 
driving  belts,  and  motors.  Prorate  by  H.  P.  of  machines 
driven. 

Exhaust  Systems — Cost  installed.  Prorate  by  num- 
ber and  size  of  outlets. 

Benches,  Racks  and  Tables — Charge  directly  to 
operation  or  department. 

Dies,  Forms,  and  Special  Tools — Charge  directly  to 
operation  or  department. 

Transportation — This  includes  elevators,  conveyors, 
chutes,  derricks,  trucks,  monorails,  etc.  These  should  be 
charged  directly  to  operations  where  possible,  or  prorated 
by  floor  area  to  the  departments  to  where  they  apply. 

Buildings — These  should  be  prorated  to  departments 
and  operations  by  multiplying  the  square  feet  of  floor  space 
occupied  by  each,  by  the  value  of  the  building  per  square 
foot. 

Illumination — This  includes  wiring,  lamps,  reflectors, 
and  switchboards  installed  and  may  be  prorated  by  the  watts 
per  sq.  ft.  of  area  lighted. 

Fire  Protection  Appliances — This  includes  sprinkler 
systems,  trucks,  hose,  fire  engines,  pumps  and  hand  extin- 
guishers. These  may  be  prorated  by  the  square  feet  of  floor 
area  protected. 

Plumbing — This  includes  sewers,  water  mains,  fix- 
tures, etc.,  and  may  be  prorated  by  floor  area. 

General  Equipment — Items  which  apply  to  the  whole 
plant  such  as  office  furniture,  sheds,  pavements,  fences,  etc., 
may  be  charged  to  a  general  fixed  charge  account. 

For  any  given  period,  the  fixed  charges  of  any  opera- 
tion, which  did  not  contain  any  productive  labor,  may  be 
added  to  the  fixed  charges  of  its  department.  The  general 
fixed  charges  of  the  departments,  and  the  general  fixed 
charges  for  the  plant  may  be  prorated  to  the  various  opera- 
tions by  the  amount  of  the  productive  labor  obtained  from 
the  pay  roll  for  that  period. 

After  assigning  values  to  all  of  the  equipment,  the  next 
step  is  to  determine  the  life  of  each  item,  or  its  rate  of  de- 
preciation. This  is  the  basis  on  which  the  replacement  fund 
is  established.  If  the  pay  roll  comes  bi-monthly,  then  each 
machine  or  building  is  depreciated  one  twenty-fourth  of  its 
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annual  depreciation.  This  amount  is  shown  on  fixed  charge 
sheets  opposite  each  item  of  equipment.  The  rates  of  de- 
preciation should  be  governed  by  the  existing  conditions  in 
the  plant,  and  by  good  engineering  practice.  The  following 
rates  may  be  used  as  a  guide : 


Machine  shop 

Exhaust  systems 

20% 

machinery 

3-5% 

Sprinklers 

4 

Power  hammers 

10 

Horses 

15 

Tumblers 

10 

Office  furniture 

7 

Saws 

10 

Benches 

5 

Power  trans- 

Fire protection  piping 

10 

mission 

7 

Steam  piping 

10 

Electric  wiring 

10 

Water  piping 

7 

Hoists 

5 

Sewer  piping 

3 

Furnaces 

8 

Gas  and  air  piping 

4 

Dies 

35 

Heating  system 

10 

Patterns 

7 

Buildings                     2- 

-10 

Trucks 

10 

The  interest  per  year  on  the  investment  is  prorated  by 
the  total  value  of  buildings  and  equipment  for  each  opera- 
tion or  department.  Taxes  and  insurance  may  be  prorated 
by  the  floor  area  of  each  operation  or  department. 

In  the  operation  of  a  cost  system,  a  large  number  and 
variety  of  forms  are  necessary  to  keep  the  various  records, 
and  the  printing  bill  is  a  large  item.  It  is  advisable  to  util- 
ize, as  much  as  possible,  the  forms  already  in  use,  and  the 
size  of  the  new  forms  should  be  some  multiple  of  the 
standard  printers'  sheets,  to  avoid  waste  in  cutting.  These 
items  are  often  neglected  by  cost  accountant  experts. 

The  subject  has  not  been  fully  covered  in  this  article. 
The  method  of  handling  labor  accounts,  orders,  raw  ma- 
terial and  supplies,  and  all  the  other  accounts  that  go  to 
make  up  the  monthly  analysis  sheet  has  not  been  touched. 
Those  items  which  have  been  mentioned  are  ones  that  must 
be  met  by  the  man  on  the  job,  and  it  is  hoped  that  the  sug- 
gestions offered  may  be  of  some  assistance  in  the  solution 
of  similar  problems. 
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A  HTDBOELECTBIC  INSTALLATION  IN 
CENTRAL  HONDUBAS 

V.  T.  Mavity,  '13 

All  of  the  energy  that  is  used  in  the  Rosario  Mines, 
which  are  located  near  San  Juancito,  Honduras,  Central 
America,  is  supplied  by  two  hydro-electric  power  stations, 
one  of  which  is  at  San  Juancito,  and  the  other  at  Guadalupe, 
about  one  and  one-half  miles  north  and  east  of  San  Juan- 
cito. Mountain  streams  furnish  the  water  supply  for  both 
plants.  More  than  a  quarter  of  a  mile  above  the  level  of 
San  Juancito  there  are  dams  across  the  streams  from 
which  the  water  is  carried  in  wooden  canals  to  the  San 
Juancito  water  box.  The  water  that  is  not  directed  into 
the  canals  flows  on  down  to  San  Juancito,  where  the  two 
main  streams  meet  and  flow  past  the  power  station.  Just 
below  the  station,  there  is  a  dam,  which  directs  the  water 
into  the  Guadalupe  canal.  The  discharge  water  from  the 
San  Juancito  plant  also  flows  into  the  Guadalupe  canal  and 
is  used  again  at  Guadalupe. 

The  Escobales  flume,  from  the  farthest  dam  to  the 
water  box,  is  two  miles  long  with  a  grade  of  0.66  per  cent, 
and  is  two  feet  wide  and  18  inches  high.  The  San  Juancito 
canal  is  2^  feet  wide  by  18  in.  high,  is  7300  feet  long  and 
has  a  grade  of  0.50  per  cent.  Through  these  two  canals 
the  water  flows  to  a  water  box  of  wood  construction  which 
acts  as  a  small  reservoir  at  the  head  of  the  pipe  line.  The 
Guadalupe  flume  is  three  ft.  wide  by  two  ft.  high  and  6000 
ft.  long.    Its  grade  is  0.20  per  cent. 

The  San  Juancito  pipe  line  is  made  up  of  three  different 
sizes  of  pipe.  The  first  is  20  inch  riveted  pipe,  and  runs 
from  an  elevation  at  the  water  box  of  1345  feet  above  the 
power  plant,  down  to  an  elevation  of  1054  feet,  making  a 
total  length  of  784  feet.  At  this  point,  there  is  a  section  of 
tapered  pipe  which  changes  from  20  to  17  inches.  There 
are  708  feet  of  17  inch  pipe  which  runs  down  to  an  eleva- 
tion of  788  feet.  From  this  point  on  down  to  an  elevation 
of  644  feet,  there  is  689  feet  of  14  inch  riveted  pipe,  and 
from  the  644  foot  elevation  to  zero  elevation,  at  the  power 
plant,  there  are  2347  feet  of  14  inch  lap  welded  pipe.  This 
makes  a  total  of  4528  feet  of  pipe  line  and  a  total  head  of 
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1355  feet  when  the  water  box  is  full.  Where  the  pipe  line 
enters  the  power  house,  it  divides  into  two  branches,  one 
for  each  machine.  There  are  three  valves  on  each  of  these 
branches — first,  the  main  valve;  second,  the  by-pass  valve; 
and  third,  the  needle  valve  which  controls  the  size  of  the 
jet  that  issues  from  the  nozzle. 

The  pipe  line  for  Guadalupe  is  all  20  inch  riveted  pipe 
and  is  2500  feet  long.  When  the  Guadalupe  water  box  is 
full,  the  static  head  at  the  plant  is  486  feet.    The  pipe  and 

valve  arrangement  inside  the  plant  is  the  same  as  at  San 

Juancito. 


Pelton  Water  Wheels  in  Guadalupe  Plant. 

At  the  San  Juancito  plant,  the  equipment  consists  of 
two  Pelton  impulse  water  wheels,  direct  connected  to  West- 
inghouse  350  kv.a.,  three  phase,  sixty  cycle,  and  6600  volt 
alternators.  The  machines  run  at  a  speed  of  600  r.p.m., 
which  is  controlled  by  means  of  a  Pelton  hydraulic  governor. 
The  principle  of  this  governor  is  the  deflecting  of  the  water 
from  the  wheel  whenever  the  speed  tends  to  exceed  the 
normal.  This  deflection  is  accomplished  by  means  of  an  iron 
hood  which  swings  in  front  of  the  nozzle  and  cuts  ofT 
part  of  the  water.  A  piston  which  is  operated  by  oil  under 
pressure,  controls  the  movements  of  this  hood.  Whenever 
the  speed  tends  to  drop,  the  oil  pressure  causes  the  piston 
to  move  in  such  a  manner  that  the  hood  will  deflect  less 
water.  If  the  speed  tends  to  increase  the  oil  is  forced  into 
the  other  end  of  the  cylinder  and  the  piston  moves  the  hood 
so  that  it  will  deflect  more  water.    The  oil  is  directed  to  the 
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proper  end  of  the  cylinder  by  means  of  a  distributing  valve 
which  is  actuated  by  a  centrifugal  device.  At  the  same 
time  that  the  distributing  valve  admits  oil  to  one  end  of  the 
cylinder,  it  opens  a  port  to  let  out  the  oil  in  the  other  end. 
A  gear  pump  which  maintains  the  oil  pressure  together  with 
the  centrifugal  device,  is  driven  by  a  belt  from  the  Pelton 
shaft. 

Since  the  deflecting  hoods  of  each  machine  are  mechan- 
ically connected  so  that  they  act  together,  the  one  governor 
serves  for  both  machines.  When  the  governor  is  for  any 
reason  out  of  service,  the  deflecting  hoods  are  controlled 
by  a  hand  wheel. 


Switchboard  in  Roaario  Substation. 

There  are  four  panels  on  the  switchboard — one  exciter 
panel;  two  panels  for  the  two  alternators;  and  another 
panel  with  a  ix)vver  factor  meter,  an  ammeter  that  reads 
total  current  for  the  station,  and  an  automatic  oil  switch 
for  the  protection  of  the  station  apparatus.  Besides  these 
main  panels,  there  is  a  small  voltage  regulator  panel  at  one 
end,  and  a  swinging  bracket  with  voltmeter  and  synchro- 
scope at  the  other  end  of  the  switchboard.  At  Guadalupe, 
the  equipment  is  practically  the  same,  except  that  the  appa- 
ratus is  General  Electric  instead  of  Westinghouse,  and  that 
there  is  no  automatic  oil  switch  [>anel  on  the  switchboard. 
Kach  plant  is  protected  irom  lightning  and  heavy  surges 
by  an  aluminum  cell  lightning  arrester  used  in  connection 
with  choke  coils. 
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The  two  plants  are  operated  in  parallel.    At  the  junc- 
tion of  the  transmission  lines  there  is  a  switch  house  with 
switches  so  arranged  that  either  section  of  line  may  be  cut 
out  of  service  for  repairs  without  interrupting  the  operation 
of  the  other  plant.     Either  voltage  regulator  may  be  used 
alone,  but  the  two  regulators  will  not  operate  together  be- 
cause the  line  drop  between  each  plant  and  the  switch  house 
is  different  except  at  a  certain  definite  load  for  each  plant. 
Consequently,  except  at  this  definite  load,  each  regulator 
tends  to  give  a  different  voltage  at  the  switch  house  and 
they  therefore  work  against  each  other.    This  difficulty  could 
be  remedied  by  adding  a  line  drop  compensating  coil  to 
each  regulator.     However,  for  the  service  here,  one  regu- 
lator is  always  sufficient  to  control  the  voltage,  and  for  that 
reason  the  compensation  for  line  drop  has  never  been  made. 
Perhaps  the  greatest  source  of  trouble  in  the  operation 
of  these  plants  is  due  to  the  interruption  of  the  water  sup- 
ply to  the  pipe  line.     In  the  majority  of  cases,  the  reason 
for  the  water  being  held  back,  is  that  dirt,  grass,  leaves,  etc., 
accumulate  on  the  screens  inside  the  water  box  at  the  en- 
trance to  the  pipe  line,  thus  effectually  holding  back  the 
water  so  that  instead  of  going  through  the  screens,  it  over- 
flows at  the  spillway.     When  the  water  is  held  back  from 
the  Guadalupe  pipe  line,  it  is  only  a  matter  of  a  very  few 
minutes  until  the  pipe  line  runs  half  dry,  thus  throwing 
the  whole  load  suddenly  on  the  other  plant.     In  case  of 
trouble  at  the  San  Juancito  water  box,  however,  the  pipe 
is  so  long  that  almost  the  whole  load  may  be  carried  for 
several  minutes,  thus  giving  plenty  of  time  to  notify  the 
other  plant  and  to  call  one  of  the  sub-stations  and  have  the 
load  cut  down  until  the  water  pressure  returns  to  normal. 
At  Guadalupe  there  is  an  automatic  low  pressure  alarm 
which,  when  the  pressure  drops  to  the  critical  point,  rings 
a  bell  that  notifies  the  operator  of  the  low  pressure. 

There  are  two  sub-stations  in  the  system.  One  is  at 
Rosario,  in  the  "Mill"  building,  and  the  other  is  in  the  air 
compressor  station  at  Pena  Blanca.  At  Rosario,  the  volt- 
age is  stepped  down  from  6600  to  2200.  The  stamps,  which 
crush  the  ore,  are  driven  by  a  Westinghouse  150  H.  P. 
s)Tichronous  motor,  with  an  additional  no  H.  P.  syn- 
chronous motor  for  emergency  use.  There  is  one  clutch 
^n  the  main  shaft  between  the  two  motor  pulleys  and  an- 
?^er  clutch  between  both  motor  pulleys  and  the  load.  An 
eduction  motor,  belted  to  the  same  section  of  main  shaft 
as  the  emergency  motor,  is  used  for  starting  either  motor. 
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The  induction  motor,  however,  drives  both  motors  above 
synchronous  speed.  A  special  synchronizing  device  for 
starting  the  motors  is  employed,  the  following  steps  being 
required  for  starting:  first,  start  the  induction  motor;  then 
put  field  on  the  synchronous  motor  and  raise  its  voltage  to 
a  predetermined  value  above  line  potential.    It  must  be  re- 


San  Juancito  Plant.     Pipe  Line  Shov/n  in  Background. 
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membered  that  the  induction  motor  drives  the  synchronous 
motor  above  synchronous  speed,  and,  if  its  vohage  is  above 
normal  when  the  speed  is  above  synchronism,  then  when 
the  speed  drops  to  synchronism,  the  vohage  will  at  the  same 
time  drop  to  line  potential.  Having  the  synchronous  motor 
running  above  synchronism  and  the  voltage  above  normal, 
the  induction  motor  oil  switch  is  tripped  out  and  the  speed 
and  voltage  begin  to  drop.  As  soon  as  the  induction  motor 
circuit  is  opened,  the  control  switch  of  the  automatic  syn- 
chronizer must  be  moved  to  the  closing  position,  and  when 
the  speed  and  voltage  of  the  synchronous  motor  decrease, 
so  that  they  both  reach  normal  at  the  same  time,  the  auto- 
matic synchronizer  closes  a  direct  current  circuit  which 
closes  the  main  switch.  The  synchronous  motor  is  operated 
with  a  leading  power  factor  of  .60.  This  is  done  to  raise 
the  low  lagging  power  factor  of  the  line  caused  by  the  in- 
duction motor  load. 

At  the  Pena  Blanca  sub-station,  the  voltage  is  stepped 
down  from  6600  to  440.  The  air  compressors  are  driven 
by  two  440  volt,  280  H.  P.  induction  motors.  There  is  also 
a  motor  generator  set  that  supplies  250  volts,  d.  c,  10 
operate  the  electric  locomotives  at  the  Pena  Blanca  level. 
There  are  in  the  mill,  in  the  shops  at  Rosario  and  at  Pena 
Blanca,  and  in  the  compressor  station,  55  motors  aggre- 
gating about  1600  H.  P.  In  addition  to  these  motors,  there 
are  six  electric  locomotives  which  haul  the  ore  trains  from 
the  mine  to  the  mill.  Both  sub-stations  have  aluminum  cell 
lightning  arresters,  used  in  connection  with  choke  coils,  to 
protect  the  apparatus  from  lightning  and  heavy  surges  on 
the  line. 

Although  the  transmission  line  runs  from  an  elevation 
^^3^79  feet,  at  Guadalupe,  to  a  5895  foot  elevation,  at  Pena 
Blanca,  yet  the  line  is  entirely  free  from  any  noticeable 
atmospheric  disturbances.  However,  in  order  to  minimize 
such  trouble,  should  it  ever  arise,  there  is  a  ground  wire 
running  on  top  of  each  pole  from  Guadalupe  and  San  Juan- 
cito  to  the  end  of  the  line  at  Pena  Blanca. 
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STREET  LIOHTINO  IN  CHICAOO 

A.  B.  Gates,  '09 

During  the  year  1887,  105  direct  current  open  arc 
lamps  were  installed  in  the  down  town  district  of  Chicago. 
From  year  to  year,  lamps  of  the  same  type  were  added,  until 
in  1898  there  were  1,710  lamps  operating.  Up  to  this  time, 
the  lighting  had  been  operated  by  a  separate  bureau  of  the 
fire  department,  but  in  1898  the  electrical  department  was 
created.  The  direct  current  arc  lamps  were  supplied  with 
current  from  Brush  arc  machines,  belt  connected  to  steam 
engines.  An  alternating  current  plant  was  added,  and  by 
1908  there  were  8,600  arc  lamps  operating  on  the  streets  of 
Chicago. 

In  the  year  1908,  the  City  of  Chicago  entered  into  a 
contract  with  the  Sanitary  District  of  Chicago,  whereby  the 
Sanitary  District  of  Chicago  was  to  supply  the  city  with 
power.  This  contract  made  possible  the  much  needed  ex- 
tensions in  the  lighting  system.  The  steam  engines  were 
disconnected  in  the  direct  current  stations  and  synchron- 
ous motors  installed  to  drive  the  Brush  arc  machines. 
Transformers  were  installed  in  the  alternating  current  sta- 
tions and  the  steam  engines  and  generators  in  these  stations 
held  for  reserve  capacity.  Other  alternating  current  sta- 
tions were  added  and  the  lighting  capacity  was  greatly  en- 
larged. In  1910,  there  were  12,000  arc  lamps  in  operation 
and  during  that  year  the  City  of  Chicago  entered  into  a 
second  contract  with  the  Sanitary  District  of  Chicago,  by 
which  the  Sanitary  District  agreed  to  operate  and  maintain 
the  city  lighting  stations  and  to  install  10,000  alternating 
current  arc  lamps  of  modern  type,  or  their  equivalent  in 
other  forms  of  lighting ;  also,  to  build  the  necessary  stations 
(at  least  three  in  number),  to  take  care  of  the  new  lighting, 
and  to  rehabilitate  the  old  lighting  system;  and  to  replace 
the  old  direct  current  arc  lamps  and  station  equipment  with 
modern  alternating  current  arc  lamps  and  station  equip- 
ment. When  this  contract  is  completed,  there  will  be  on 
the  vStreets  of  Chicago  over  25,500  arc  lamps  or  their  equiv- 
alent. Over  75  per  cent,  of  these  will  be  lamps  of  modern 
type. 
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The  arc  lamp  adopted,  and  of  which  there  are  about 
10,000  now  installed  and  operating  on  the  streets  of  Chicago, 
is  the  "series  alternating  current  long  burning  10  ampere, 
flame  arc  lamp."  These  lamps  are  trimmed  with  white 
flaming  carbons  and  adjusted  to  465  watts  at  the  terminals 
so  as  to  have  a  maximum  intensity  of  about  1,700  candle 
power  at  an  angle  of  25  degrees  with  the  horizontal.  They 
are  being  installed  in  the  business  and  manufacturing  dis- 
tricts, and  in  the  residential  districts  where  there  are  few 
trees.  In  most  cases,  the  arc  lamps  are  hung  on  one  side  of 
the  street  about  25  feet  above  the  ground  and  average  about 
23  lamps  to  the  mile.  The  same  type  of  lamp  is  in  general 
use  on  the  boulevards,  but  here  they  are  on  both  sides  of 
the  streets,  staggered,  and  more  closely  spaced  than  on  the 
business  streets. 

From  65  to  70  of  these  lamps  are  connected  in  series 
and  from  30  to  60  circuits  are  operated  out  of  one  station. 
In  most  of  the  business  districts,  underground  type  of  con- 
struction is  being  used.  The  cable  is  carried  up  through  the 
iron  pole  and  out  through  the  hanger  arm,  all  connections 
thus  being  concealed.  In  the  outlying  districts,  aerial  con- 
struction is  used.  In  all  the  new  districts,  the  lamps  are 
provided  with  a  raising  and  lowering  device  with  an  auto- 
matic circuit  cut-out,  so  that  the  lamp  may  be  lowered  for 
inspection  without  disturbing  the  rest  of  the  circuit  and 
without  danger  to  the  repairman. 

In  the  residential  districts,  where  the  trees  would  inter- 
fere with  arc  lamps  which  are  necessarily  hung  a  consider- 
able distance  above  the  street,  four  ampere  80  candle  power, 
series,  tungsten  lamps  are  being  installed.  The  lamps  are 
mounted  in  a  14  inch  spherical,  opalescent  globe  about  ii 
feet  from  the  ground,  on  a  hollow  cast  iron  pole.  The  pole 
is  set  in  the  parking  about  two  feet  from  the  curb.  Iron 
armored  cable  is  used  for  connecting  these  lamps.  This 
cable  is  laid  in  the  parking  just  inside  the  curb  and  buried 
about  ij4  to  2  feet  in  the  ground.  The  cable  is  run  up 
through  the  hollow  pole,  so  that  all  connections  are  con- 
cealed. These  lamps  are  placed  on  both  sides  of  the  street 
and  staggered  so  that  there  is  a  lamp  to  every  75  feet  of 
street.  About  230  lamps  are  connected  in  a  circuit.  There 
will  be  about  7,000  of  these  lamps  installed. 

An  attempt  has  been  made  to  divide  the  city  into  suit- 
able districts  so  as  to  operate  as  many  circuits  as  possible 
from  one  station,  and  in  this  way  cut  down  the  cost  of 
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operation.  The  ix)wer  is  distributed  to  these  stations  at 
12,000  volts  and  is  stepped  down  to  5,000  by  250  kv.a.  trans- 
formers which  are  connected  delta  on  the  12,000  volt  side 
and  star  on  the  5,000  volt  side.  The  neutral  of  the  low  ten- 
sion side  is  grounded  and  all  banks  in  the  station  are  nor- 
mally operated  in  parallel.  The  arc  and  incandescent  cir- 
cuits are  taken  off  of  the  live  buses  through  automatic  oil 
switches  and  induction  type,  constant  current  regulators, 
to  the  circuits,  then  back  from  the  circuits,  through  air 
break  disconnecting  switches,  to  the  neutral  bus.  This  sys- 
tem is  used  in  all  the  arc  lighting  stations  in  Chicago. 

In  districts  where  there  is  no  electric  lighting,  a  new 
type  of  single  inverted  mantle  gas  lamp  is  used.  The  lamps 
are  about  12  feet  above  the  ground  and  develop  50  candle 
power  with  a  gas  consumption  of  three  cubic  feet  per  hour. 
Gasoline  mantle  lamps  were  installed  in  such  districts  as 
were  not  supplied  with  gas  mains.  These  lamps  are  very 
much  like  the  gas  lamps  in  appearance,  except  that  the  man- 
tle is  not  of  the  inverted  type.  They  develop  50  candle 
power  through  all  glassware. 

Besides  the  regular  street  lighting  furnished  by  the 
city,  there  is  a  type  of  multiple  cluster  tungsten  lighting 
supplied  and  maintained  by  the  Chicago  Edison  Company 
and  paid  for  by  the  merchants  along  the  street.  These  clus- 
ters are  placed  a  little  inside  the  curb  in  accordance  with  a 
recent  ordinance,  which  in  the  down-town  district  requires 
five  lamps — one  at  the  top  of  a  14  foot  pole  with  the  re- 
maining four  a  little  below,  symmetrically  arranged  about 
it.  In  the  outlying  districts  12  foot  poles  are  used.  This 
lighting  is  turned  off  between  1 1  o'clock  and  midnight. 

The  elevation  of  the  steam  roads  gave  rise  to  a  trouble- 
some problem  in  the  lighting  of  the  subways  or  viaducts 
under  these  tracks.  Some  of  these  viaducts  are  nearly  a 
half  mile  in  length  and  must  be  lighted  continuously.  A 
standard  of  one  16  candle  power  lamp  to  every  400  square 
feet  of  street  and  sidewalk  was  adopted.  Lamps  are  placed 
in  the  center  of  the  ceiling  above  the  sidewalk,  with  20  foot 
spacing.  The  remaining  lamps  are  then  divided  and  spaced 
evenly  along  the  curbs.  In  the  first  installations,  the  lamps 
were  placed  in  enameled  reflectors  with  the  reflector  throw- 
ing the  lighting  perpendicularly  across  the  street,  but  it  was 
found  that  by  turning  the  reflector  so  as  to  throw  the  light 
across  the  street  at  an  angle  of  45  degrees  with  the  direc- 
tion of  travel,  a  much  better  effect  was  obtained.     Bv  this 
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scheme,  the  traffic  ahead  of  the  vehicle  is  illuminated  and 
the  reflector  keeps  the  glare  of  the  lamp  out  of  the  driver's 
eyes,  as  there  is  no  light  thrown  opposite  to  the  direction  of 
travel,  except  that  from  the  other  driveway,  and  this  causes 
little  trouble,  since  the  streets  are  comparatively  wide  and 
the  center  supports  tend  to  cut  off  this  light. 

At  the  present  time  there  are  installed  in  the  streets  of 
Chicago, 

10,000  10     ampere,  alternating  current,  series,  flame  arc  lamps, 
1,300    9     ampere,  direct  current,  open  arc  lamps, 
4,700    6.6  ampere,  alternating  current,  enclosed  arc  lamps, 
3,500    4     ampere,  alternating  current,  series,  tungsten  lamps, 

12,000  inyerted  mantle,  50  candle  power  gas  lamps, 
6,500  upright  mantle,  50  candle  power  gasoline  lamps. 

When  the  work  covered  by  the  present  contract  be- 
tween the  City  of  Chicago  and  the  Sanitary  District  of  Chi- 
cago is  completed,  there  will  be  in  operation  in  the  streets 
and  boulevards  of  Chicago  over  50,000  lighting  units. 

The  following  approximate  figures  will  give  a  fair  idea 
of  what  it  costs  to  operate  and  maintain  the  various  types 
of  lighting.    These  figures  include  interest  and  depreciation : 

Cost  of 
lamp  per  year 

10  ampere,  flame,  aerial  type  of  construction $55.00 

10  ampere,  flame,  underground  type  of  construction 73.00 

4  ampere,  series   tungsten,   underground   type   of   con- 
struction           26.00 

Gasoline,  single  mantle  30.00 

Gas,  single,  inverted  mantle 22.00 

The  cost  per  mile  of  lighting  per  year,  including  invest- 
ment charges,  is  approximately  as  follows : 

Flame  lamps,  underground  type  of  construction $1,700,00 

Flame  lamps,  aerial  type  of  construction 1,300.00 

Series  tungsten  lamps  2,000.00 

Inverted  mantle  single  burner  gas  lamps 1,700.00 
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HTDBOGBAPmC  AND  TOPOGRAPHIC  ST7BVEY  OF 
THE  WABASH  RIVER  AND  VALLEY 

E.  B.  N^w^hh,  'ii 

By  Act  of  Congress  in  1910,  an  investigation  of  the 
feasibility  of  improvement  of  the  Wabash  river  from  its 
mouth  to  Terre  Haute,  Indiana,  was  authorized.  The  in- 
vestigation covered  the  possible  methods  of  canalization, 
regularization,  dredging,  reservoirs,  and  combinations  of 
these  operations. 

To  secure  the  necessary  data,  a  survey  of  the  river  and 
its  valley  subject  to  overflow  at  extreme  high  water  was 
made  under  the  direction  of  the  U.  S.  District  Engineer 
Office  at  Louisville,  Ky.,  by  Geo.  H.  Wolbrecht,  U.  S.  As- 
sistant Engineer.  Preparations  were  started  for  the  survey 
in  the  spring  of  191 1.  The  construction  of  the  necessary 
equipment  and  requisition  for  instruments  from  Washing- 
ton, D.  C,  covered  a  period  of  several  months.  In  June, 
191 1,  while  these  preparations  were  being  made,  a  party  was 
sent  out  to  establish  permanent  gages  at  the  following 
places :  Terre  Haute,  Ind. ;  Darwin,  111. ;  Riverton,  Ind. ; 
Vincennes,  Ind.;  St.  Francisville,  111.;  Grayville,  111.,  and 
Maunie,  111.  Permanent  gages  already  existed  at  Grand 
Rapids  Lock  and  Mt.  Carmel,  111.  These  gages  were,  in 
most  cases,  placed  on  bridge  piers  with  a  view  to  perma- 
nence. Observers  who,  in  most  cases  were  bridge  watch- 
men, were  appointed  to  keep  a  daily  record  of  the  stage. 
Elevation  of  the  zero  of  these  gages  was  referred  to  bench 
marks,  the  elevation  of  which  was  later  determined  by  the 
precise  level  party. 

The  work  of  preparation  was  completed  and  the  sur- 
vey was  organized  at  Terre  Haute,  Ind.,  in  July,  191 1.  The 
floating  plant  necessary  to  carry  on  the  survey  consisted  of 
two  small  house  boats  purchased  and  remodeled  for  the  pur- 
pose of  a  survey  party ;  one  large  quarter  boat  built  for  the 
purpose;  one  barge  to  carry  provisions  and  property;  one 
barge  used  as  a  drill  boat ;  three  especially  designed  gasoline 
launches ;  and  six  24  foot  yawls.  The  entire  plant  was  de- 
signed to  meet  the  conditions  demanding  strength  and  light 
draft. 
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In  order  to  secure  accurate  results,  it  was  decided  to 
run  a  carefully  measured  base  line  and  a  line  of  precise 
levels,  with  separate  bench  marks  for  each,  as  a  control  for 
the  survey.  To  make  the  river  survey  during  the  favorable 
low  water  season,  it  was  decided  to  run  the  control  and 
make  the  river  survey  on  the  first  trip  down  the  river,  and 
then  return  and  make  the  valley  survey  on  the  second  trip. 
The  control  was  run  ahead  of  the  topographic  and  hydro- 
graphis  parties,  so  that  computation  necessary  for  the  eleva- 
tion and  position  of  the  permanent  marks  could  be  made. 

The  precise  level  and  base  line  parties  were  organized 
as  a  unit  and  used  the  two  smaller  quarterboats ;  a  supply 
boat ;  one  gasoline  launch ;  and  three  yawls  as  their  floating 
plant.  This  party  took  the  field  July  20,  191 1.  Their  or- 
ganization at  first  consisted  of  one  base  line  party  and  two 
precise  level  parties,  but  when  it  was  found  that  the  two 
precise  level  parties  covered  distance  more  rapidly  than  the 
base  line  party,  one  level  party  was  converted  into  a  low 
water  discharge  party  and  finally  abandoned  altogether. 
This  party  completed  its  work  on  the  tenth  of  December, 
191 1,  and  was  converted  into  a  topographic  and  hydro- 
graphic  party  which  assisted  the  second  party  to  complete 
the  river  survey. 

The  base  line  consisted  of  a  traverse,  carefully  taped 
with  a  standardized  steel  tape  by  two  independent  parties. 
The  results  were  corrected  for  temperature  and  the  two  re- 
sults had  to  check  within  the  limit  of  one  in  20,000  or  the 
line  was  retaped.  The  courses  were  read  by  stadia  as  a 
check  for  large  mistakes.  The  angles  were  read  six  times 
with  a  10  in.  transit-theodolite  and  the  corrected  azimuth 
was  obtained  by  observation  on  Polaris  and  51  Cephei  at 
intervals  of  about  10  miles.  Permanent  bench  marks  were 
set  at  intervals  of  about  every  mile. 

The  latitude  and  longitude  of  the  U.  S.  Coast  and  Geo- 
detic Survey  astronomical  station  at  Vincennes  was  used 
as  the  basis  of  all  horizontal  measurements  of  the  survey. 
A  duplicate  line  of  precise  levels  was  run  the  entire  length 
of  the  survey  under  the  published  instructions  of  the  Missis- 
sippi River  Commission  with  Kern  levels  borrowed  from 
that  office.  Permanent  bench  marks  were  established  at 
intervals  of  about  five  miles.  Special  care  was  taken  in  the 
setting  of  these  marks  in  order  to  insure  permanence  and 
recovery.  All  elevations  of  the  survey  were  finally  referred 
to  the  1907  adjusted  value  of  the  U.  S.  Coast  and  Geodetic 
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Survey  bench  mark  Az  at  \'incennes,  Ind.,  which  is  re- 
ferred to  mean  sea  level  at  Sandy  Hook,  X.  J.  References 
were  made  with  the  permanent  marks  of  the  U.  S.  Geo- 
logical Survey  at  Terre  Haute,  Ind.;  Shawneetown,  111.; 
and  also  to  permanent  marks  of  the  (J)hio  River  Survey 
near  the  mouth  of  the  Wabash  river. 

The  topography  was  taken  by  transit  and  stadia  in  ac- 
cordance with  the  published  instructions  of  the  Mississippi 
River  Commission — the  contour  interval  being  five  feet.  All 
topography  was  plotted  and  sketched  in  the  field  as  an  aid 
to  the  final  plotting.  On  the  river  survey,  all  features  in- 
cluded between  the  low  water  line  and  main  high  banks  or 
levees  in  close  proximity  of  the  river  were  taken.  Special 
care  was  taken  to  locate  caving  banks  and  the  extent  of  the 
bank  in  each  case  where  cutting  was  in  progress. 

Probings  consisted  of  driving  a  25  foot  rod  to  a  depth 
of  20  feet  below  low  water  elevation  to  determine  the  char- 
acter of  the  material  of  the  river  bed.  Probings  were  taken 
at  designated  possible  lock  sites  and  on  bars  where  there 
was  less  than  four  feet  of  water  at  low  water  stage.  Three 
holes  were  driven  on  a  range,  one  near  each  bank  and  one 
in  the  channel.  Probings  were  taken  on  ranges  about  450 
feet  apart,  that  is,  alternately  on  the  sounding  range  and 
midway  between  the  next  two  sounding  ranges.  The  exact 
location  of  the  holes  was  not  considered  essential.  The 
ordinary  level  party  established  elevations  on  water  sur- 
face pegs,  stadia  stakes,  base  line  bench  marks,  high  water 
marks,  and  bottom  chords  of  bridges. 

Discharge  measurements  were  taken  with  a  Price  cur- 
rent meter  set  at  0.6  depth  where  mean  velocity  was  as- 
sumed. Low  water  measurements  were  taken  at  Terre 
Haute,  Ind. ;  Vincennes,  Ind. ;  Mt.  Carmel,  111. ;  New  Har- 
mony Ind.,  and  below  the  mouth  of  Little  Wabash  river. 
Later,  complete  discharge  curves  were  desired  at  \'incennes, 
Ind. ;  Mt.  Carmel,  111.,  and  below  the  mouth  of  Litte  Wabash 
river.  These  measurements  were  taken  as  the  required 
stages  became  availabe.  The  current  meter  was  rated  in  a 
pond  near  \'incennes  and  in  the  lock  chamber  at  Grand  Rap- 
ids lock  and  dam. 

Considerable  trouble  was  experienced  in  the  moving 
of  boats  during  the  low  water  season,  particularly  on  the 
river  survey.  The  channel  was  so  narrow,  shallow,  or 
tortuous  that  it  was  imix)ssible  to  move  the  boats  without 
much  difficulty  and  loss  of  time.     Although  the  maximum 
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draft  was  only  15  inches,  the  boats  were  many  times  riding 
snags  or  grounded  on  bars.  Many  devices  were  resorted  to. 
The  capstain  on  the  large  boat  proved  useful,  while  Span- 
ish windlasses  were  often  necessary  on  the  other  boats.  The 
gasoline  launches  were  of  no  avail  as  their  power  was  suffi- 
cient to  steer  only  in  the  current,  and  make  landings.  In 
one  extraordinary  case,  six  yawls  were  sunk  and  filled  with 
sand  to  form  a  dike.  By  this  expedient,  the  boats  were 
moved  after  having  been  hard  aground  for  20  hours.  The 
problem  of  getting  provisions  from  the  nearest  market 
when  the  boats  were  away  from  town  proved  troublesome. 
Only  one  week's  supply  could  be  kept  in  store  during  ex- 
tremely w^arm  weather.  Boats  in  several  cases  were  30  miles 
from  a  market.  Hauling  overland  was  out  of  the  question 
because  of  distance  and  expense.  The  gasoline  launches 
were  too  slow  to  make  the  trip,  and  very  few  boats  on  the 
river  could  be  induced  to  run  during  the  low  water  season. 
Provisions  were  obtained  by  chartering  privately  owned 
gasoline  boats,  but  not  without  much  difficulty  and  cost. 

The  river  survey  was  completed  by  the  first  of  January, 
191 2,  and  the  entire  fleet  was  then  towed  back  up  the  river. 
Owing  to  the  freezing  of  the  river  while  enroute,  the  fleet 
was  forced  into  winter  quarters  at  New  Harmony,  Ind. 
The  winter  proved  very  severe  and  the  fleet  was  badly  dam- 
aged by  ice.  While  the  boats  were  in  winter  quarters,  four 
topographic  parties  were  organized  and  work  on  the  valley 
survey  was  begun  in  the  vicinity  of  New  Harmony.  The 
boats  were  used  as  a  base  for  a  brief  time  but  as  the  work 
became  too  far  distant  for  the  parties  to  return  at  night, 
they  were  subsisted  by  farm  houses,  or  hotels  in  small 
towns  in  the  vicinity  of  their  work. 

About  200  square  miles  of  the  valley  immediately  above 
and  below  New  Harmony  on  both  sides  of  the  river  were 
covered  during  two  months  of  very  rigorous  winter  weather, 
marked  by  heavy  snows,  and  temperature  much  below  zero. 
On  March  11,  191 2,  the  fleet  was  again  started  up  the  river 
and  reached  Terre  Haute  on  March  21.  High  water  at  this 
period  forced  a  discontinuance  of  field  work  for  about  three 
weeks.  After  this  time,  the  work  was  resumed  and  the 
valley  was  surveyed  on  the  second  trip  down  the  river. 
Wherever  practicable,  the  work  was  laid  out  in  one-half 
mile  hnes  normal  to  the  general  direction  of  the  stream. 
Each  party  was  assigned  one  or  more  of  these  lines  accord- 
ing to  their  lengths. 
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The  large  acreage  of  corn  in  the  lower  Wabash  valley 
was  a  source  of  much  trouble,  delay  and  expense,  and  it 
was  found  almost  impossible  to  cover  the  country  thor- 
oughly. The  valley  survey  was  completed  on  the  tenth  of 
September,  19 12,  after  about  775  square  miles  had  been 
traversed.  The  work  was  accomplished  in  587  days,  thus 
averaging  1.32  square  miles  per  party  working  day.  The 
gross  cost,  including  all  over  head  charges,  was  about  25 
dollars  per  square  mile. 

Computations,  consisting  of  the  preliminary  and  the 
final  computation  of  the  base  line  and  precise  level  line, 
together  with  the  geographic  position  and  elevation  of  all 
bench  marks  and  topographic  stakes,  ratings,  and  results  of 
discharge  measurements  were  made  in  the  field.  Reduction 
of  notes  was  begun  and  partly  finished  in  the  field  and  later 
completed  in  the  district  office.  Final  plotting  of  maps  and 
profiles  was  done  in  the  district  office. 

After  the  completion  of  the  survey,  a  flood,  surpassing 
all  preceding  floods  in  height  and  volume,  occurred  in  April, 
1913.  A  party  was  dispatched  to  detennine  its  height 
shortly  after  the  water  receded.  An  accurate  determina- 
tion of  its  height  was  obtained  about  every  five  miles  to  de- 
termine the  high  water  profile. 
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Field  Broadens. 

This  number  of  The  Purdue  Engineering  Review 
marks  the  first  representation  of  the  Chemical  Engineering 
Society  on  the  staff  of  the  publication.  All  four  engineer- 
ing societies  of  the  University  now  have  an  equal  interest 
in  this  work.  Though  the  School  of  Chemical  Engineering 
is  a  comparatively  new  one,  its  growth  has  been  rapid,  so 
that  it  has  quite  a  number  of  alumni  engaged  in  fields  of 
work  which  the  Engineering  Review  has  been  unable  to 
touch  upon  up  until  the  present  time. 

Course  in  Seminar, 

It  is  generally  recognized  that  the  majority  of  tech- 
nical school  graduates  are  unable  to  express  their  views 
and  opinions  before  an  audience  in  an  intelligible  manner. 
It  has  been  said  jokingly  that  the  graduate  of  the  liberal 
arts  school  can  express  himself  freely  and  fluently  but  he 
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has  nothing  to  say,  while  the  engineer  graduate  has 
plenty  to  say  but  he  is  unable  to  talk.  This  is  a  queer 
state  of  affairs,  but  nevertheless  it  bears  a  semblance  of  the 
truth.  To  meet  this  situation,  the  School  of  Mechanical 
Engineering  administers  the  subject  seminar  for  the  first 
semester  of  the  senior  year.  Every  student  in  this  school 
is  obliged  to  take  the  subject  which  is  conducted  in  such 
a  manner  that  he  gains  an  extremely  practical  training  in 
speaking  before  a  critical  audience.  For  the  most  part  the 
subjects  chosen,  usually  by  the  speaker  himself,  are  of 
technical  nature.  Criticisms  are  given  freely  and  it  takes 
but  a  few  appearances  before  a  noticeable  improvement  is 
made.  In  the  course  of  Gas  Engines,  the  second  semester's 
work  devolves  into  a  lecture  course  which  is  so  outlined 
that  every  student  taking  the  subject  shall  give  an  hour's 
talk  on  some  phase  of  gas  engine  work,  which  shall  require 
considerable  amount  of  reading  for  preparation.  Too  much 
emphasis  can  not  be  laid  upon  such  courses,  for  the  engi- 
neer who  is  unable  to  express  himself  clearly  and  exactly 
will  find  himself  at  a  great  disadvantage  in  the  business 
world.  Great  ideas  that  cannot  be  expressed  in  words  are 
of  no  value.  The  sooner  that  the  young  engineer  learns 
to  take  advantage  of  every  opportunity  to  explain  his  tech- 
nical knowledge  in  an  intelligible  manner,  the  quicker  will 
he  advance. 

International  Engineering  Congress. 

The  committee  in  charge  of  the  International  Engi- 
neering Congress  to  be  held  in  San  Francisco  during  the 
Exposition  announces  that  rapid  progress  is  being  made  in 
working  out  the  final  program  of  papers.  The  first  volume 
of  the  publication  of  the  Congress  will  consist  of  a  series 
of  articles  descriptive  of  the  various  technical  features  of 
the  design  and  construction  of  the  Panama  canal.  Colonel 
Goethals  will  handle  one  of  the  22  topics  as  well  as  the 
introduction.  This  volume  will  constitute  practically  an 
official  technical  record  of  the  gigantic  feat  which  is  just 
nearing  completion  and  will  be  of  interest  not  only  to  en- 
gineers but  to  laymen. 

It  has  been  announced  that  Colonel  Goethals  will  pre- 
side as  chairman  of  this  Congress  of  engineers  who  will 
gather  from  all  over  the  world. 
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NEW  BULLETIN  ON  USE  OF  ELECTRIC  FURNACE 
IN  MAKING  IRON  AND  STEEL 

The  investigations  that  the  Bureau  of  Mines  is  making 
into  the  metallurgical  industries,  the  appliance  of  electricity 
to  various  processes,  and  especially  in  the  manufacture  of 
iron  and  steel,  is  given  attention  in  Bulletin  67,  "Electric 
Furnaces  for  Making  Iron  and  Steel,*'  just  issued  by  the 
Bureau.  The  investigations  into  electric  furnaces  for  mak- 
ing iron  were  made  by  Dorsey  A.  Lyon,  and  electric  fur- 
naces for  making  steel  by  Robert  M.  Keeney.  The  bulletin 
gives  a  historical  review  of  the  development  of  electric  fur- 
naces for  making  iron  and  steel,  and  discusses  the  problems 
which  remain  to  be  solved  in  the  use  of  electric  furnaces 
for  the  smelting  of  iron  ores  and  the  production  of  pig  iron 
at  a  profit  on  a  commercial  scale. 

"Broadly  speaking,"  Mr.  Lyon  declared,  "it  may  be 
stated  that  the  feasibility  of  smelting  iron  ores  in  an  elec- 
tric furnace  depends  upon  the  relative  cost  of  either  char- 
coal or  coke  and  of  electric  power.  In  those  electric- fur- 
nace iron  plants  that  are  operating  at  the  present  time  only 
hydro-electric  power  is  used.  In  general,  there  are  few 
localities  where  the  electric  smelting  of  iron  ores  would  be 
feasible  with  the  electrical  energy  costing  more  than  $0.20 
to  $0.30  per  kilowatt-hour." 

Mr.  Keeney  states  that,  "The  cost  of  making  steel  in 
the  electric  furnace  varies  with  local  conditions.  The  cost 
of  power  does  not  enter  so  largely  into  the  final  cost  as  it 
does  in  some  other  elect rometallurgical  processes,  especially 
the  refining  of  molten  steel.  Plants  are  operating  success- 
fully under  a  power  cost  of  one  cent  per  kilowatt  hour  in 
localities  where  material  can  be  obtained  at  the  price  com- 
mon to  other  processes.  Plants  such  as  the  one  at  Ugine, 
France,  have  been  established  in  remote  localities,  where  the 
cost  of  power  is  very  low,  0.2  cent  per  kilowatt-hour,  but 
the  cost  of  material  is  high. 

*'For  many  years  all  high  grade  steels  were  manufac- 
tured by  the  crucible  process,  but  since  the  advent  of  the 
electric  furnace  there  has  been  a  gradual  adoption  of  that 
furnace  for  refining  steel.  For  the  complete  refining  of  the 
highest  grades  of  steel  the  use  of  the  electric  furnace  is  now 
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thoroughly  established  in  Europe.  Any  product  that  can 
be  made  by  the  crucible  process  can  be  made  by  the  electric 
furnace,  and  in  most  cases  with  cheaper  raw  materials  and 
at  a  lower  cost.  In  the  electric  furnace  complex  alloy 
steels  can  be  made  with  precision.  The  high  temperatures 
attainable  facilitate  the  reactions  and  alloys  need  not  be  used 
s(j  largely  for  the  purpose  of  removing  gas.  \'er\'  low  car- 
Ixm  steels  can  be  kept  fluid  at  the  high  temperatures.  Steels 
free  from  impurities  and  of  great  value  for  electrical  appa- 
ratus can  be  made.  With  the  electric  furnace  large  cast- 
ings can  be  made  from  one  furnace,  whereas  in  the  crucible 
pnxress  steel  from  several  crucibles  must  be  used.  For 
small  castings,  which  require  a  very  high  grade  metal  free 
from  slags  and  oxides,  electrically  refined  steel  is  especially 
adapted.  The  electric  furnace  gives  a  metal  of  low  or  high 
carlx>n  content  as  desired,  hot  enough  to  pour  into  thin 
molds  and  still  free  from  slags  and  gases. 

**There  is  now  a  tendency  among  consumers  of  rail  and 
structural  steel  to  require  a  higher  grade  steel  at  an  in- 
creased price  rather  than  steel  of  acid  Bessemer  or  even  of 
basic  open  hearth  grade  at  a  lower  price.  With  the  high 
c(jst  of  jxjwer  that  now  prevails  throughout  the  steel  cen- 
ters of  the  United  States  the  electric  furnace  can  not  com- 
pete profitably  with  either  the  acid  Bessemer  or  the  basic 
open  hearth  process  in  manufacturing  steel  of  like  grade 
from  pig  iron.  It  is  in  combination  with  either  of  these 
processes  that  the  electric  furnace  seems  destined  to  be 
prominent  in  steel  manufacture.  The  cost  of  superrefining 
in  the  electric  furnace  the  molten  steel  from  either  of  these 
processes,  exclusive  of  the  cost  of  the  molten  steel,  varies 
from  $1.50  to  $2.25  per  ton,  depending  on  the  cost  of  power 
and  the  impurities  to  be  removed." 
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SCHOOL  OF  MECHANICAL  ENGINEERING. 

CHANGES  IN   INSTRUCTIONAL  STAFF 

During  the  last  year  a  number  of  changes  were  made 
in  the  personnel  of  the  instructional  corps  in  the  Mechan- 
ical Engineering  department.    J.  S.  Staudt,  Assistant  Pro- 
fessor in  machine  design,  resigned  to  take  up  work  with 
a  consulting  engineer.     Mr.  T.  T.  Eyre  has  been  away  on 
a  leave  of  absence  and  at  the  present  time  is  head  of  the 
Mechanic,  Hydraulic,  and  Testing  Material  Laboratory  of 
the  Case  School  of  Applied  Science.     Mr.  R.  W.  Noland 
has  been  transferred  from  the  Engine  Laboratory  to  Ma- 
chine Design.     Mr.  J.  L.  Snyder,  Mw  M.  E.,  Cornell  Uni- 
versity, has  been  appointed  an  assistant  in  the  Engineering 
Laboratory.     Mr.  A.  R.  Nottingham  is  filling  Mr.  Eyre's 
place  for  one  year  as  instructor  in  Mechanical  Engineering. 
Professor  A.  W.  Cole  has  become  responsible  for  the  ad- 
ministration of  Thermodynamics.    Professor  H.  S.  Dicker- 
son  has  taken  charge  of  Steam  and  Gas  Power  as  admin- 
istered to  the  civil  engineers. 

GIFTS  TO  THE  SCHOOL 

A  four  cylinder  automobile  motor,  donated  by  the  Nor- 
dyke,  Marmon  Company,  manufacturers  of  the  Marmon 
automobile,  has  been  set  up  in  the  gas  engine  laboratory, 
and  is  being  used  in  thesis  work.  The  American  Foundries 
Company  has  given  a  complete  freight  car  truck  to  be  used 
in  experimental  work.  Numerous  other  valuable  material 
has  been  donated  by  a  large  number  of  firms,  such  as  car- 
buretors, samples  of  steam  turbine  blading,  bars  of  spring 
steel,  jacks,  separator  models,  oil  samples,  catalogue  and 
filing  case,  and  a  variety  of  data  in  the  form  of  drawings, 
blueprints,  and  tabulated  results. 

NEW  EQUIPMENT 

The  school  has  acquired  a  small  amount  of  new  ap- 
paratus within  the  past  year.  An  electric  pyrometer  com- 
plete with  thermo  couples  for  high  temperatures  has  been 
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bought.  At  the  present  time,  a  belt  testing  apparatus  is 
being  constructed  in  the  Purdue  shops,  which  will  contain 
some  novel  features.  A  flue  gas  analysis  outfit  has  been 
obtained  and  has  found  much  use  in  the  boiler  test  in  the 
power  house.  Water  weights  for  automatically  weighing 
and  recording  weights  of  water  has  been  added  to  the 
equipment. 

RESEARCH  WORK 

Quite  a  number  of  problems  connected  with  the  automo- 
bile is  being  investigated  at  the  present  time.  An  attempt  is 
being  made  to  determine  the  road  and  wind  resistances. 
Tests  are  being  run  on  kerosene  carburetors.  A  study  of  the 
effect  of  mufflers  on  the  power  and  efficiency  of  automobile 
motors  has  been  in  progress  for  the  last  two  years.  A 
series  of  comparative  carburetor  tests  is  being  conducted 
this  spring.  Work  leading  to  the  determination  of  the 
power  and  fuel  consumption  of  electric  lighting  and  start- 
ing systems  has  been  started.  The  study  of  lubricating 
oils  is  being  continued.  A  number  of  interesting  problems 
are  still  under  investigation,  such  as  the  fixing  of  the  tar 
forming  temperatures  of  American  coals;  the  adapting  of 
a  suction  gas  producer  to  bituminous  coals;  and  the  deter- 
mination of  the  coking  qualities  of  American  coals. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

NEW   HIGH    POTENTIAL  LABORATORY 

A  new  laboratory  for  high  potential  research  has  been 
installed  during  the  past  year  in  the  room  previously  used 
for  laboratory  calculations.  This  laboratory  is  now- 
equipped  with  the  300.000  volt  transformer  constructed 
by  students  as  thesis  work  in  1909  w^hich  is  connected  with 
high  tension  tubular  bus  bars  running  the  entire  length  of 
the  room  on  suspension  insulators.  These  bus  bars  may  be 
connected  through  wall  bushings  to  the  experimental  high 
tension  transmission  line  or  to  other  high  tension  apparatus 
to  be  tested  in  the  laboratory.  Seniors  this  year  are  con- 
structing standard  sphere  and  needle  spark  gaps  for  the 
measurement  of  high  potentials  and  a  large  parallel  plate 
condenser  consisting  of  ten  plates  of  galvanized  iron  each 
4  feet  by  5  feet  has  also  been  constructed  for  the  purpose 
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of  investigating  the  electrostatic  field  at  very  high  voltages. 
Research  work  in  connection  with  corona  loss  on  the  ex- 
perimental high  tension  line  is  being  continued  this  year  and 
another  study  of  the  comparison  of  the  actual  and  theoret- 
ical interference  between  high  tension  line  and  telephone 
line  is  also  being  undertaken. 

CALIBRATION    LABORATORY 

The  room  previously  occupied  by  the  high  potential 
laboratory  has  been  very  completely  equipped  for  calibra- 
tion ^vork.  This  has  been  particularly  necessary  because 
of  the  standardization  work  which  is  to  be  done  in  the  near 
future  for  the  Public  Utility  Commission. 

NE^  COURSE    IN    PUBLIC   CORPORATION 
MANAGEMENT  AND    REGULATION 

Owing  to  the  demand  for  technical  graduates  for  com- 
mercial and  executive  positions  a  new  elective  course  cov- 
ering the  organization,  management  and  regulation  of  pub- 
lic utilities  will  be  established  during  the  coming  year.  This 
course  will  give  the  students  some  idea  of  the  financial  and 
accounting  problems  involved  in  the  management  of  public 
utility  corporations  and  their  appraisal  and  regulation  as 
carried  on  by  the  various  state  public  service  commissions. 

PERSONNEL 

Professor  Alfred  Still,  the  prominent  English  engineer 
who  held  a  tentative  position  on  the  staff  during  the  second 
semester  of  last  year,  has  now  joined  the  permanent  staff 
of  the  School  of  Electrical  Engineering  as  assistant  pro- 
fessor. Prof.  D.  D.  Ewing,  formerly  head  professor  of  the 
electrical  and  mechanical  departments  at  Ohio  Northern 
University,  who  was  engaged  in  graduate  work  here  last 
year  has  also  been  made  assistant  professor  on  the  perma- 
nent staff.  Mr.  R.  V.  Achatz,  of  the  1008  class  who  has 
since  graduation  been  engaged  with  the  A.  T.  &  T.  Co.,  in 
operating  and  appraisal  work  as  well  as  with  the  R.  J. 
Arnold  Co.,  of  Chicago,  is  now  instructor  in  telephone  engi- 
neering and  assistant  in  the  general  laboratory  work.  Mr. 
J.  B.  Sheadel,  of  the  191 1  class,  is  acting  as  assistant  in  the 
laboratory  during  the  present  year. 
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SCHOOL  OF  CIVIL  ENGINEERING 

ENGINEERING  CAMP 

A  new  course  in  civil  engineering  is  to  be  put  in  opera- 
tion with  the  present  sophomores,  who  will  attend  an  engi- 
neering camp  from  June  6th  until  July  4th.  The  state 
forest  reserve,  in  Clarke  County,  Indiana,  about  twenty 
miles  north  of  Louisville,  has  been  chosen  for  the  camp  on 
account  of  its  great  variety  of  topographical  conditions. 
The  tract  comprises  4,000  acres  and  is  nearly  five  miles  in 
length.  Through  it  runs  a  chain  of  hills,  with  knobs  ele- 
vated about  500  feet  above  the  valleys.  The  sleeping  head- 
quarters are  situated  on  one  of  these  knobs  that  commands 
a  wide  and  beautiful  view  over  the  valley  of  the  Ohio  river. 
The  students  will  lead  a  camp  life  in  all  respects.  The  work 
will  comprise  geodetic  and  astronomical  surveys,  topo- 
graphical, railway  and  highway  surveying. 

SERVICE  TO  STATE 

The  school  exercises  an  increasing  activity  in  the  state 
and  in  municipalities.  It  is  coming  to  occupy  the  same 
position  in  the  state  with  respect  to  the  problems  of  water 
supply,  sewage  disposal,  road  and  bridge  construction,  and 
drainage,  that  the  school  of  agriculture  does  to  the  problems 
of  agriculture.  The  second  engineering  conference  of 
county  officials  was  held  at  the  school  this  year,  and  resulted 
in  the  passage  of  a  resolution  calling  upon  the  state  to  estab- 
lish a  good  roads  school  at  Purdue  University  for  the 
newly  created  road  officials,  to  last  ten   days  each  year. 

CHANGES   IN   COURSE 

A  special  course  in  highway  engineering  has  been 
established  in  the  senior  year,  and  it  is  expected  that  an 
assistant  professorship  of  highway  engineering  will  be 
established.  In  this  way  the  school  will  be  able  to  comply 
with  the  increasing  number  of  requests  for  cooperation 
and  extension  teaching  for  highway  engineering.  The  es- 
tablishment of  the  engineering  camp  has  made  possible  the 
increasing  work  in  hydraulic  engineering.  Fundamental 
hydraulics  and  hydraulic  laboratory  will  be  taken  by  the 
junior  civil  engineers,  and  a  larger  course  in  hydraulic 
motors  will  occupy  the  first  semester  of  the  senior  year. 
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A  course  of  general  lectures  upon  the  history  of  distin- 
guished engineers  and  descriptions  of  notable  engineering 
constructions  will  be  given  to  the  juniors  in  the  first  semes- 
ter. 

SPECIAL  RESEARCH 

In  the  hydraulic  laboratory  the  research  work  on  the 
frictional  resistance  of  sand-carrying  water  has  been  com- 
pleted, and  is  being  prepared  for  publication.  At  the  re- 
quest of  the  President  of  the  American  Waterworks  Asso- 
ciation tests  are  being  made  of  the  strength  and  failure  of 
lead  pipe  and  the  brass  fittings  usually  employed  in  house 
connections  to  water  mains.  The  pipe  varies  from  ^4  of 
an  inch  to  2  inches  in  diameter  and  the  various  weights  of 
pipe  are  all  included.  In  the  laboratory  for  testing  ma- 
terials the  investigation  of  reinforcing  bars  rerolled  from 
steel  rails  was  carried  on  for  the  American  Society  for 
Testing  Materials,  and  reported  to  the  association.  Pro- 
fessor Sackett  of  the  hydraulic  department  has  been  active 
in  the  flood  protection  work  of  the  state.  Professors  Hatt 
and  Smith  have  served  on  the  board  of  engineers  for  the 
construction  of  the  new  Main  Street  bridge.  Professor 
Sackett  has  been  appointed  a  member  of  the  Board  of 
Public  Works  of  the  City  of  Lafayette.  Professors  Gar- 
man  and  Case  have  left  the  University  to  take  on  new 
responsibilities.  Professor  Garman  becomes  chief  engineer 
of  the  Public  Utilities  Commission,  and  Professor  Case  be- 
comes Professor  of  Sanitary  Engineering  at  Pittsburgh 
University. 


SCHOOL  OF  CHEMICAL  ENGINEERING 

DESCRIPTION   OF  COURSE 

The  Purdue  catalogue  of  1906-07  contained  the  first 
announcement  of  a  course  in  chemical  engineering,  and  the 
first  graduate  from  this  course  received  his  diploma  in  1910. 
The  School  of  Chemical  Engineering  was  established  in  191 1 
and  now  has  an  enrollment  of  139,  a  graduating  class  of  13, 
and  35  alumni.  The  school  was  established  to  meet  a  de- 
mand which  has  resulted  from  the  increasing  application  of 
chemical  principles  to  engineering  problems  and  manufac- 
turing processes.     The  rapid  development  of  the  strictly 
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chemical  industries,  as  weil  as  recognition  by  engineers  of 
the  importance  of  the  chemical  aspects  of  their  particular 
problems,  has  emphasized  the  demand  for  men  so  trained  as 
to  combine  the  functions  of  both  chemist  and  engineer.  To 
meet  these  requirements,  a  course  of  study  is  necessary, 
which  includes,  with  mathematics,  physics,  and  their  appli- 
cations in  engineering,  a  thorough  knowledge  of  chemistry. 
The  course  as  laid  down  at  this  institution,  is  a  general 
course  in  engineering  and  chemistry,  with  no  attempt  to 
specialize  in  any  direction.  The  chemical  engineer,  there- 
fore, occupies  a  middle  ground  between  the  engineer  and 
the  chemist,  with  the  advantage  over  the  former  of  chem- 
ical training  and  over  the  latter  of  a  knowledge  of  engi- 
neering. His  training  is  a  preparation  for  such  positions 
as  chemist,  engineer,  or  manager  in  those  industries  which 
involve  the  application  of  chemical  and  engineering  prin- 
ciples, or  for  positions  along  engineering  lines  where  a 
knowledge  of  chemistry  is  necessary.  In  the  development 
of  the  plan  of  study  of  this  school  probably  the  most  note- 
worthy point  brought  out  is  the  advantage  arising  from  the 
general  nature  of  the  course,  resulting  in  a  broadening  of 
the  young  engineer's  sphere  of  activities  and  increasing  his 
opportunities. 
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FLOOD  PROTECTION  IN  INDIANA* 

By  W.  K.  Hatt, 
Professor  of  Civil  Engineering 

The  appointment  of  the  Indiana  Flood  Commission 
was  the  direct  result  of  the  flood  of  March,  191 3,  in  which 
467  lives  were  lost  and  over  $160,000,000.00  of  property  de- 
stroyed in  the  United  States.  The  memory  of  this  catas- 
trophe is  still  fresh  in  the  minds  of  the  people  of  Indiana,  in 
which  State  39  lives  were  lost,  and  over  $25,000,000.00  of 
property  destroyed. 

The  total  loss  in  the  flood  of  March,  191 3,  can  never  be 
known.  The  interruption  of  transportation  and  of  business, 
the  destruction  to  farm  lands  by  cutting  of  banks  of  rivers 
and  covering  of  bottom  lands  with  gravel,  the  loss  of  pro- 
ductive capacity  of  manufacturing  plants,  and  the  sickness 
following  exposure^  are  not  susceptible  of  exact  computation. 

Professor  Beede  of  Indiana  University  reports  a  total 
damage  of  approximately  one-half  million  dollars,  in  seven 
counties  in  the  lower  White  River  basin,  in  which  also  nearly 
eight  thousand  acres  of  agricultural  land  were  denuded  of 
spil  and  some  sixteen  thousand  acres  of  river  bottoms  were 
covered  with  sand  and  silt.  He  estimates  the  loss  to  agri- 
cultural land  in  this  region  as  nearly  $250,000.00. 

Part  of  the  damage  to  country  roads  and  bridges  re- 
ported by  the  county  auditors  was  over  $3,000,000.00.  Other 
tangible  losses  that  have  been  determined  are  shown  in 
Table  i.  It  is  probable  that  other  losses  during  the  flood  of 
March,  1913,  in  Indiana  will  bring  the  total  losses  to  more 
than  $25,000,000.00. 

Indeed  the  catastrophe  was  so  general  over  the  Ohio 
Valley  that  it  excited  the  sympathy  and  support  of  the  entire 
nation.  The  Governor  of  the  State  of  Indiana  received 
$141,088.96  in  subscriptions  for  the  relief  of  flood  sufferers 
in  this  State. 

'Condensed  from  Bulletin  Ko.  4,  Bureau  of  Legislative  Infonnation;  written 
by  Professor  Hatt. 
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Table  No.  i. 

Part  of  Damages  Sustained  in  Indiana  in  the  Fuk)d  of 
March,  191 3 

1.  County  Highways  and  Bridges $2,825,240.00 

2.  Railroads — Steam 5,299,810.00 

3.  Electric  Railways  „ 788,000.00 

4.  Buildings  and  Personal  Property 8,104,250.00 

5.  Telephone  and  Telegraph  200,000.00 

6.  Crops  735,700.00 

7.  Live  Stock 149,380.00 

8.  Farm  Lands  (part  of  White  river  only) 247,500.00 

9.  Suspension  of  Business 582,000.00 

Total $18,949,390.00 

Counties  not  included  in  (1)         Railroads  not  included  in  (2). 
Cass,  Miami,  Central  Indiana  R.  R. 

Floyd,  Fayette,  Chicago  and  Wabash  R.  R. 

Clinton,  Sullivan.  Cin.  Ham.  and  Dayton  R.  R. 

Toledo,  Peoria  and  West'n  R.  R. 

Toledo,  St.  L.  and  West'n  R.  R. 
Electric  lines  not  included  in  (3). 

Marion  and  BlufFton  Trac.  Co.      Louisville  and  Southern  Trac. 
BlufFton,  Geneva  and  Celina  Co. 

Trac.  Co.  Louisville  and  Northern  Ry.  and 

Central  Indiana  Lighting  Co.  Light  Co. 

Indianapolis  Street  Ry.  Co.  Vincennes  Trac.  Co. 

Washington  Street  Ry.  Co. 

(5)  Includes  Indianapolis  Telephone  Co.  and  Central  Union  Tele- 
phone Co. 

Counties  in  Flood  Districts  not  included  in  (4),  (6),  (7)  and  (9). 

Adams,  Franklin,  Ohio,  Tippecanoe, 

Blackford,  Gibson,  Parke,  Vanderburg 

Cass,  Grant,  Perry,  Vermillion, 

Clark,  Greene,  Putnam,  Vigo, 

Clay,  Harrison,  Randolph,  Wabash, 

Clinton,  Howard,  Ripley,  Warrick, 

Fayette,  Huntington,  Scott,  Wells, 

Floyd,  Jay,  Sullivan,  White, 

Fountain,  Jefferson,  Switzerland,  Whitley. 

(8)  Includes  loss  only  in  230  miles  of  East  and  West  Forks  of 
the  White  River  through  Morgan,  Owen,  Greene,  Daviess, 
Knox,  Jackson,  Lawrence  and  Martin  Counties. 
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Former  Fuxdds  in  Indiana 

Floods  have  occured  in  Indiana  as  far  back  as  records 
are  obtainable.  In  the  early  days,  before  levees  had  been 
raised  above  high  water,  and  before  cities  had  been  built  in 
the  bottoms,  the  losses  were  small,  and  people  did  not  have  to 
pass  over  the  river  until  the  flood  waters  subsided. 

In  recejit  years  the  effects  of  similar  floods  have  become 
more  serious,  and  the  problem  has  become  acute.  It  has 
been  made  so  by  the  inevitable  encroachments  on  the  flood 
plains  and  bottoms  which  were  formerly  given  up  to  the 
rivers  during  floods,  while  at  the  same  time,  channels  have 
not  been  improved  in  proportion  to  the  encroachment. 

Serious  floods  may  occur  at  any  time  throughout  the 
year,  but  they  usually  happen  between  December  and  April. 
January,  February,  and  March  are  the  months  when  the 
combination  of  rainfall  and  surface  conditions  produce  the 
worst  effects. 

The  following  floods  have  been  state  wide  in  Indiana : 

January,  1847 — Rainfall. 
June,  1857— 

September,  1866 — Series  of  heavy  thunderstorms. 
August,  1875 — Heavy  rains  following  wet  summer. 
February,  1883 — High  monthly  precipitation  with  thaw. 
Marchj  1897 — Series  of  excessive  rains. 
March,  1904 — Series  of  storms. 
February,  1908 — Moderate  rain  with  thaw. 
October,  1910 — Single  protracted  storm. 
January,  191 3 — Single  protracted  storm. 
.March,  1913 — Two  protracted  storms,  practically  one. 

Characteristics  of  Floods 

A  heavy  storm,  shedding  long  continued  rain,  sweeps 
up  the  Ohio  Valley,  and  finds  the  ground  frozen  or  covered 
with  snow,  the  subsoil  saturated  and  the  channels  already 
charged  with  water,  so  that  the  greater  part  of  this  rainfall 
runs  off  through  the  streams. 

The  tributaries  may  all  be  discharging  and  attempting 
to  find  outlet  at  the  same  time,  through  the  main  channel, 
in  which  people  have  been  dumping  refuse,  constructing 
levees  and  buildings  that  add  to  the  height  of  flood  waters. 

The  meteorological  conditions  attending  serious  floods 
are  made  clear  in  Diagrams  i  to  4.  A  storm  starts  in  the 
southwest  and  follows  up  a  trough  of  low  pressure  between 
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two  high  pressure  areas  on  either  side  of  the  Ohio  Valley. 
Sometimes  a  second  storm  follows  up  the  first  immediately, 
and  it  is  a  -further  burden  upon  the  overtaxed  channels. 
(See  Diagram  i.) 

Records  are  available  of  three  notable  past  storms, 
(shown  in  Diagrams  2  to  4)  that  of  October,  1910;  that  of 
January,  1913;  and  that  of  March,  1913;  characterized  by  a 


DUisram  No.  2. 

heavy  intensity  of  rainfall  over  large  areas,  the  two  latter 
coming  at  the  time  of  year  when  very  little  of  the  rainfall 
was  absorbed  in  the  ground. 

As  we  shall  see  later,  storms  such  as  these  are  a  measure 
of  the  amount  of  river  discharge  that  flood  protection  works 
must  carry. 

Diagram  i  shows  the  paths  taken  by  these  three  exces- 
sive storms.  'The  northern  portions  of  Indiana  lie  outside 
the  track  of  these  storms.  For  example,  the  Eel  River  and 
the  Tippecanoe  River  are  not  likely  to  receive  as  heavy  rain- 
fall as  the  East  and  West  Forks  of  the  White  River,  be- 
cause the  latter  lie  in  the  path  of  these  severe  storms. 
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Diagrams  5  and  6  are  drawn  to  show  the  inches  of  rain- 
fall that  fell  at  various  localities  affected  by  the  storm.  It 
is  plain  that  large  areas  receive  a  less  average  rainfall  than 
small  areas.  For  instance,  in  Diagram  5,  we  find  that  in 
January,  191 3,  an  area  of  500  square  miles  had  a  rainfall 
in  excess  of  eleven  inches ;  an  area  of  2,500  square  miles  had 
a  rainfall  in  excess  of  ten  inches;  and  an  area  of  14,500 
square  miles  had  a  rainfall  in  excess  of  eight  inches.    From 


Diagram  No.  3 

a  study  of  the  three  storms,  Diagram  7  has  been  prepared 
to  show  the  relation  between  an  area  of  given  size  in  a 
watershed,  that  lies  in  the  path  of  these  storms,  and  the 
amount  of  rain  that  may  reasonably  be  expected  on  this 
area. 

Possible  Future  Storms 

The  storm  of  March,  191 3,  was  not  as  heavy  as  either 
that  of  January,  191 3,  or  that  of  October,  1910.  Of  course 
a  combination  of  the  storm  of  January  and  a  snow-covered 
surface  is  possible,  and  would  have  caused  a  flood  greatly 
in  excess  of  that  of  March.    It  is  fortunate  that  these  storms 
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sweep  up  the  Ohio  Valley  instead  of  down,  because  the  lat- 
ter storm  would  tax  the  channel  more  severely  than  the 
foraier. 

Of  course,  small  areas  in  any  part  of  the  State  may  re- 
ceive a  heavy  local  rainfall,  at  any  time  of  the  year,  and 
bridge  openings  must  provide  for  this  rainfall.  For  instance, 
in  the  Muskingum  Valley  an  unprecedented  rain-storm  oc- 
curred in  July,  1913,  following  the  flood  of  March,  1913, 


DlAgram  No.  4 

causing  flood  heights  higher  than  those  of  the  previous 
stomis.  At  one  station  a  rainfall  of  7.17  inches  was  recorded 
for  a  period  less  than  nine  hours. 

But  we  are  now  speaking  of  storms  that  cause  wide- 
spread floods  over  an  entire  watershed,  and  trying  to  esti- 
mate what  rainfall  we  should  provide  for  in  improved  chan- 
nels and  under  bridges  in  plans  for  flood  protection  works. 

A  simple  method  is  to  specify  that  these  works  shall 
carry  the  rainfall  of  March,  1913,  which  caused  the  greatest 
flood  on  record,  and  then  add  to  this  an  arbitrary  increase 
of  one-third  in  the  White  River  and  a  less  amount  in  the 
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more  northerly  watersheds  further  removed  from  the  path 
of  extraordinary  storms. 

Diagram  6  shows  (Lines  a)  the  actual  rainfall  that  oc- 
curred in  the  Wabash  Valley  and  the  two  forks  of  the  White 
River  in  March,  191 3,  and  also  (Lines  b)  the  rainfall  that 
would  have  fallen  if  the  March  storm  had  been  increased 
by  a  factor  of  one-third  on  the  White  River,  and  a  factor 
of  one-fourth  on  the  Wabash  River.  This  increased  rain- 
fall on  the  East  Fork  of  the  White  River  and  the  lower 
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Wabash  River  is  nearly  the  same  as  that  which  would  have 
occurred  if  the  storm  of  January,  1913,  had  followed  a  path 
75  miles  farther  north. 

Of  course  if  such  a  storm  as  that  of  October,  1910,  were 
arbitrarily  shifted  to  a  path  over  the  headwaters  of  the 
Wabash,  extraordinary  conditions  would  be  found.  As  a 
matter  of  fact,  however,  the  centers  of  these  storms  causing 
severe  floods  in  Indiana  do  not  pass  this  far  north.  It 
would  be  unreasonable  to  predict  a  rainfall  intensity  in 
northern  Indiana  and  impose  a  factor  of  safety  against 
future  contingencies,  as  high  as  equal  areas  receive  in  the 
White  River  Valley. 
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CONCI^USION  AS  TO  RaiNFALL 

In  general,  then,  we  may  reasonably  require  that  the 
constructions  for  flood  protection  works  on  the  Wabash  and 
the  White  Rivers  should  provide  for  the  rainfall  shown  by 
the  lines  in  Diagram  7. 

P^ioDiciTY  OF  Rainfall 

A  curious  relation  between  the  amounts  of  rainfall 
through  cycles  of  years  is  evident  from  Diagram  8  which 
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shows  the  distribution  of  yearly  rainfall  since  1830.  The 
cycle  of  34  years  from  a  period  of  excessive  rainfall  to  defi- 
cient-rainfall is  evident  in  the  region  around  Cincinnati. 
On  the  basis  of  this  Diagram,  some  are  inclined  to  predict 
heavy  floods  in  the  near  future.  They  say  that  we  have  been 
passing  through  a  series  of  years  of  deficient  rainfall  in  con- 
junction with  increased  farm  drainage  and  growing  en- 
croachments upon  stream  channels,  and  that  excessive  floods 
are  indicated  for  the  near  future. 

Inasmuch  as  the  great  floods  occur  in  the  months  of 
January  to  March,  inclusive,  similar  periodicity  Diagrams 
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have  been  drawn  for  these  months,  (See  Diagram  9)  and 
the  close  connection  between  the  excessive  rainfall  and 
severe  floods  is  evident. 

These  Diagrams  (8  and  9)  show  progressive  averages, 
that  is  to  say,  to  obtain  the  rainfall  for  any  year,  the  rain- 
fall of  the  previous  year  and  succeeding  year  are  averaged 
along  with  the  rainfall  of  the  year  in  question.  The  latter 
is  given  double  the  weight  of  the  others  in  this  average. 
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Diacnun  No.  7 

Rainfai,!,  and  Stream  Discharge 

How  much  of  this  rainfall  will  discharge  in  the  rivers  ? 
Only  a  part  of  the  rain  that  falls  on  the  upper  reaches  of 
a  watershed  ordinarily  runs  by  a  city  below.  Great  floods 
occur  when  the  greater  part  of  the  rainfall  runs  oflf  in  the 
streams  during  the  extraordinary  storms. 

Part  of  the  rainfall  is  held  back  for  a  time  in  porous 
subsoil,  in  swamps,  and  in  the  ground  surface,  especially  in 
forest  cover,  and  is  let  out  gradually. 

Part  of  the  water  also  disappears  through  evaporation 
and  is  used  by  vegetation. 

For  instance,  in  the  former  days  before  land  was 
drained  for  agriculture,  the  heavy  rains  of  the  winter  and 
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spring  were  held  back  in  the  swamps  and  other  natural  de- 
taining agencies,  until  near  mid-summer. 

There  was  higher  water  in  the  streams  throughout  the 
summer  than  at  present,  and  the  ordinary  workings  of  the 
river  were  more  even. 

There  is  no  doubt  but  that,  because  of  the  cutting  down 
of  the  forests  and  the  draining  of  the  swamps,  and  the  con- 
struction of  large  drainage  systems  for  farm  lands,  the  rain 
now  runs  more  rapidly  to  the  watercourses,  and  the  height 
between  ordinary  high  and  low  water  is  greater.  These  new 
conditions  must  cause  more  frequent  floodings  of  our  river 
bottoms. 

But  these  tremendous  floods  like  March,  1913,  are  due 
to  severe  storms  that  send  rain  down  upon  the  surface  when 
the  soil  is  already  as  full  as  a  wet  sponge,  or  frozen,  or  when 
there  is  snow  on  the  ground.  Even  if  the  swamps  and  for- 
ests were  in  existence,  they  would  have  had  no  further  capa- 
city left  to  take  this  heavy  rainfall.  .  It  would  have  run 
quickly  into  the  streams  as  it  does  now. 

Then,  too,  in  early  times,  the  bottoms  of  the  rivers  were 
grown  up  in  thick  forests  which  offered  great  resistance  to 
the  free  flow  of  flood  waters  over  the  bottoms  outside  of  the 
river  channel. 

Those  who  have  given  close  study  to  the  matter  are  not 
able  to  find  evidence  that  the  flood  heights  during  these  ex- 
treme floods  are  higher  than  flood  heights  in  early  days, 
except  in  the  cities  and  other  localities  where  the  embank- 
ments, levees,  buildings  and  bridges  have  made  local  obstruc- 
tions that  dam  up  the  waters,  and  create  a  head  of  back 
water. 

One  serious  problem  in  Indiana  at  present  is  the  control 
of  future  obstructions  to  the  free  flow  of  flood  water  in  our 
streams,  and  to  remove  present  obstructions  that  will  inter- 
fere with  the  building  of  flood  protection  works  by  our  cities. 

Determination  of  River  Discharge 

The  part  of  the  rainfall  that  runs  oflF  into  the  streams, 
that  is,  the  "runoff,'  is  expressed  as  river  discharge.  The 
shape  of  the  watershed  whether  long  and  narrow,  or  short 
and  wide,  and  the  character  of  the  surface,  whether  rocky 
or  with  deep  gravel  sub-soil,  and  the  convergence  of  the  side 
tributaries  and  the  steepness  of  the  watershed,  each  has  its 
own  particular  efTect  on  the  rate  at  which  the  runoff  reaches 
the  river  channel. 
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A  long  narrow  watershed  will  not  deliver  rainfall  as 
quickly  to  a  point  in  the  channel  below  as  will  a  short  and 
compact  watershed. 

The  difficult  problem  is  to  compute  the  river  discharge  at 
any  city  arising  from  the  rainfall  on  the  watershed  above. 

Certain  formulas  have  been  proposed  by  which  the  river 
discharge  may  be  computed.  For  instance,  Mr.  W.  E.  Ful- 
ler's formula,  (Proc.  Am.  Soc.  Civil  Eng.,  Vol.  39,  p.  1012)  is 

Q  =  CAO-8 
where  Q  is  the  average  yearly  flood,  in  cubic  feet  per  second ; 
C  is  the  coefficient  which  is  constant  for  the  river  at  the 
point  of  observation;  A  is  the  catchment  area  of  river  in 
square  miles. 

Mr.  Fuller  remarks  that  the  largest  flood  occurring  in 
one  hundred  years  will  be  2.6  times  the  average  yearly  flood. 
This  subject  is  now  under  lively  discussion  by  engineers  and 
other  formulas  are  proposed,  but  all  of  these  must  depend 
upon  the  measurements  of  river  discharge,  which  are  lack- 
ing for  conditions  in  Indiana. 

The  only  certain  method  is  to  actually  measure,  by  well 
known  methods  and  tried  instruments,  the  discharge  of  our 
rivers  through  a  long  term  of  years.  Many  States  have 
done  this  in  co-operation  with  the  United  States  Geological 
Survey.  Then  the  engineer  will  know  the  number  of  cubic 
feet  per  second  of  river-discharge  for  which  flood  protec- 
tion works  must  be  designed. 

But  we  have  made  so  little  progress  in  scientific  study 
of  our  streams  that  we  are  seriously  handicapped  in  studies 
for  flood  protection. 

Certainly  one  important  effort  that  the  State  of  Indiana 
must  exert  in  the  future  is  to  provide  for  these  streams 
gagings  through  a  co-operative  agreement  with  the  United 
States  Geological  Survey,  which  has  trained  men  and  the 
instrumental  equipment  to  perform  this  work  efficiently. 

These  stream  gagings  would,  however,  require  a  long 
term  of  years  for  their  completion. 

Meanwhile  many  of  our  cities  are  in  increasing  danger 
from  floods.  In  some  cities  the  situation  is  acute  and  the 
people  can  not  wait  for  a  complete  determination  of  scien- 
tific data  before  planning  flood  protection  works. 

For  immediate  purposes  and  in  the  absence  of  full  infor- 
mation, the  following  method  of  solving  the  problem  will 
be  found  useful  and  reasonably  satisfactory. 

Briefly,  the  method  consists  in  finding  the  river  dis- 
charge at  selected  points,  the  rainfall  in  the  valleys  above 
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these  points  during  the  flood  conditions  of  March,  1913,  the 
general  slope  of  the  drainage  area,  and  then  to  apply  these 
measurements  to  watersheds  of  like  character. 

Diagram  10  shows  our  best  information  of  river  dis- 
charge in  March,  1913.  The  number  of  cubic  feet  per  sec- 
ond flowing  from  a  square  mile  of  watershed  is  shown  in 
dashed  line.  These  all  had  different  slopes  of  watershed. 
In  full  line  the  measurements  have  been  adjusted  to  a  stand- 
ard rainfall  of  seven  inches,  and  to  a  standard  average  slope 
of  watershed  of  2  feet  per  mile. 

The  full  line  may  be  used  with  a  reasonable  degree  of 
certainty  to  predict  river  discharge  for  the  White  River  and 
the  Wabash  River  watersheds  in  Indiana,  after  making  al- 
lowance for  the  expected  rainfall  and  the  slope  of  the  water- 
shed. 

For  example,  the  area  of  the  White  River  watershed 
above  Indianapolis  is  1680  square  miles,  for  which  area 
Diagram  10  provides  a  discharge  of  39.5  cubic  feet  per  sec- 
ond per  square  mile,  (that  is  for  a  rainfall  of  seven  inches 
and  a  standard  slope  of  the  drainage  area  of  two  feet  per 
mile).  But  the  expected  rainfall  for  1680  square  miles  is 
(Diagram  7)  10.35  inches.  The  fall  from  the  rim  of  the 
watershed  to  Indianapolis  is  450  feet  in  a  length  of  83.5 
miles,  and  therefore  the  average  slope  of  the  bed  of  the 
drainage  area  is  5.40  feet  per  mile  on  an  average.* 

To  find  what  river  discharge  Indianapolis  may  reason- 
ably expect  to  pass  through  its  flood  protection  works,  we 
must  increase  the  rate  of  discharge  of  39.5  cubic  feet  per 
second  per  square  mile,  above  mentioned,  in  proportion  to 
the  probable  rainfall  and  also  increase  it  as  the  fourth  root 
of  the  slope.    Our  computation  is  then  as  follows : 

39.5  X  10.35X  ^5d£  X  1680  =  125,580  cu.  ft.  per  second. 

Openings  Required  to  Carry  River  Discharge 

The  civil  engineer  is  able  to  calculate  the  size  of  chan- 
nel and  the  length  of  bridge  opening  to  carry  the  river  dis- 
charge. He  must  take  into  account  local  conditions,  includ- 
ing the  slope  of  the  river  bed,  the  alignment  of  the  channel, 
whether  straight  or  crooked,  and  the  character  of  the  ma- 

•The  slope  of  the  river  channel  Is  less  than  the  slope  of  the  dralnagre 
area.  For  the  White  River  above  Indianapolis  the  average  channel  slope  is 
3.41  feet  per  mile. 
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terjal  in  the  river  bed.  A  steep  slope  with  rock  river-bed  will 
permit  a  small  channel  where  high  velocities  will  not  inter- 
fere with  navigation. 

It  is  impracticable  to  draw  general  rules  to  fit  these 
local  conditions  in  advance.  As  a  rough  estimate  it  may 
be  stated  that  the  velocities  in  improved  river  channels 
should  not  exceed  six  feet  per  second  average  velocity,  and 
through  bridge  openings  should  not  exceed  eight  feet  per 
second. 

For  instance,  in  the  case  of  Indianapolis,  there  is  indi- 
cated on  this  basis  an  area  of  channel  of  — ^ —  =  20,930 

square  feet,  and  openings  through  bridges  of  15,700  square 
feet.  In  this  case  the  local  conditions  of  the  streams  should 
be  studied  to  see  if  such  velocities  can  be  obtained  under 
the  hydraulic  characteristics  of  the  channel. 

The  Indiana  Flood  Commission  has  made  a  special 
study  of  bridge  openings  in  this  state,  and  has  collected  sta- 
tistics showing  the  bridge  openings  in  our  important  streams 
and  noting  whether  or  not  they  were  damaged  in  the  flood  of 
March,  1913.  This  study  will  not  only  serve  to  determine 
the  measure  of  protection  of  these  structures,  against  floods, 
but  will  serve  as  a  basis  for  rules  to  determine  the  proper 
size  of  bridge  openings  in  the  future. 
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TESTS  OF  STANDARD  AND  CLASP  BRAKE  RIOOINO 
FOR  PASSENGER  TRAIN  SERVICE 

By  E.  F.  LiCKEY,  M.  E.,  '09 

The  purpose  of  the  following  article  is  to  give  in  a 
brief  and  readable  manner  a  synopsis  of  the  results  of  a 
series  of  tests  made  to  determine  the  relative  advantages 
of  standard  and  clasp  brake  rigging  when  used  in  passenger 
train  service.  It  should  be  understood  that  the  following 
is  a  summary  of  the  tests  in  which  the  writer  was  one  of 
the  engineers  securing  the  data  and  afterwards  formulating 
the  same.  A  good  portion  of  this  article  is  necessarily 
therefore  an  extract  of  the  original  report  submitted  to  the 
officials  of  the  Lake  Shore  &  Michigan  Southern  Railway. 

Several  years  ago  the  L.  S.  &  M.  S.  Ry.,  in  common 
with  other  roads,  had  a  great  deal  of  trouble  with  slid  flat 
wheels  caused  by  the  heavy  braking  pressure  necessary  on 
account  of  the  increased  weight  of  equipment  and  aided 
by  the  cold  winter  weather  and  frosty  rails.  It  became  so 
serious  and  so  many  passenger  cars  were  cut  out  on  account 
of  flat  wheels  that  something  had  to  be  done. 

The  clasp  brake  was  proposed  as  a  means  of  overcom- 
ing the  trouble.  This  type  uses  two  brake  shoes  per  wheel 
as  compared  with  one  shoe  per  wheel  in  the  standard  brake 
rigging.  The  standard  brake  rigging  has  many  disadvan- 
tages, among  which  are  the  following: 

(a)  The  journal  is  forced  out  from  under  its  bearing 
with  resultant  bad  eflfects.    This  is  shown  in  Figs,  i  and  2. 

(b)  Considerable  side  pressure  of  the  journal  box 
against  the  pedestal  is  produced  and  a  consequent  tendency 
to  slide  wheels. 

(c)  Braking  force  is  reduced  on  account  of  a  con- 
siderable horizontal  travel  of  brake  shoes  with  correspond- 
ing increase  of  piston  travel. 

(d)  Shoe  wear  is  very  rapid  and  the  coefficient  of 
friction  varies  widely. 

It  was  thought  that  the  clasp  brake  would : 

(a)  Maintain  more  uniform  piston  travel  and  insure 
greater  flexibility  for  service  braking  and  higher  cylinder 
pressures  in  emergency  application. 

(b)  Shorten  the  stopping  distance. 

(c)  Reduce  the  tendency  to  slide  wheels. 
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(d)  Prolong  the  life  of  brake  shoes. 

(e)  Relieve  the  journal  bearings,  pedestals,  etc.,  of 
unbalanced  pressures  tending  toward  displacement  of  parts. 

(f)  Improve  the  action  of  the  brake  in  regard  to 
smoothness. and  uniformity  of  stops. 

In  order  to  determine  what  advantage,  if  any,  that 
the  clasp  brake  arrangement  possessed  over  the  standard 
foundation  brake  rigging,  a  series  of  tests  were  made  near 
Toledo,   Ohio,  by  a  corps  of   engineers   representing  the 
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Westinghouse  Air  Brake  Company  and  the  L.  S.  &  M.  S.  Ry. 
The  writer  was  among  the  latter.  Three  L.  S.  &  M.  S.  steel 
coaches  equipped  with  P.  C.  Air  Brake  Equipment  and 
Standard  N.  Y.  C.  Lines  foundation  brake  rigging,  and 
three  similar  cars  with  the  same  air  brake  equipment  but 
with  clasp  brake  rigging  were  used  in  the  tests. 

The  tests  were  made  on  a  stretch  of  track  picked  on 
account  of  its  freedom  from  traffic  at  certain  hours  and  it 
being  as  straight  and  level  as  possible. 

The  track  was  wired  with  circuit  breakers,  the  latter 
being  connected  with  a  chronograph  in  a  station  alongside 
the  track.  The  first  car  was  arranged  with  a  suitable  wipe 
to  engage  the  circuit  breakers.  The  engine  was  equipped 
with  a  trip  mechanism  so  that  it  was  cut  off  from  the  train 
and  gradually  pulled  away  from  the  latter  when  a  test  was 


Digitized  by 


Google 


28 


Purdue  Engineering  Review 


made.  This  was  necessary  on  account  of  the  tests  being 
practically  all  break-away ;  that  is,  the  engine  was  cut  loose 
from  the  train  so  as  to  eliminate  as  many  variables  in  the 
weight  of  engine  and  tender  as  possible. 

The  method  of  conducting  the  tests  may  be  of  interest. 
Everything  being  in  readiness  the  engine  with  train  would 
back  up  several  miles,  the  distance  depending  on  the  speed 
desired  at  the  trip.  They  would  then  come  ahead  judging 
their  speed  from  a  Boyer  recorder  on  the  engine  and  by 
experience.    At  the  trip  the  engine  was  cut  loose  from  the 


Fiff.  2 

train,  the  latter  being  braked  by  making  the  desired  brake 
pipe  reduction.  Brake  cylinder  pressures  were  secured  by 
indicators  attached  to  the  same,  while  length  of  stop,  speed 
wheels  slid,  etc.,  were  also  secured. 

The  results  of  each  test  when  made  were  tabulated  on 
a  general  log  kept  at  the  chronograph  station.  The  data 
secured  were  carefully  checked  and  rechecked  to  be  sure 
of  eliminating  inaccuracies.  Numerous  curves  were  plotted, 
among  these  being  speed  time,  speed  distance  and  resis- 
tance curves.  From  these  curves  and  from  a  study  of  the 
data  obtained  certain  conclusions  were  drawn  as  shown  in 
the  following: 


Digitized  by 


Google 


Clasp  Brake  Rigging — Lickey  29 

1.  Length  01?  Stop  with  Standard  and  Clasp  Brake 

Rigging 

Under  like  conditions  of  standing  piston  travel  and 
brake  pipe  pressure,  the  clasp  brake  cars  stopped  slightly 
shorter  than  the  standard  braJce  cars.  This  difference  was 
in  accordance  with  the  higher  cylinder  pressures  obtained 
on  the  clasp  brake  cars  as  compared  with  what  was  ob- 
tained on  the  standard  brake  cars,  resulting  from  the  better 
efficiency  of  the  clasp  brake  arrangement  in  preventing  as 
great  an  increase  in  emergency  running  over  service  stand- 
ing piston  travel  as  was  obtained  with  the  standard  brake- 
arrangement. 

When  the  release  springs  were  removed  from  the  clasp 
brake  cars,  the  operation  of  the  equipment  indicated  that 
entirely  satisfactory  service  would  be  obtained  with  release 
springs  of  much  less  strength  than  those  applied  to  these 
cars  and  as  far  as  could  be  observed,  no  release  springs 
were  needed  with  cla^p  brake  cars.  The  stops  with  release 
springs  removed  were  approximately  50  ft.  (about  6  per 
cent)  shorter  than  in  tests  with  the  release  springs  applied, 
made  three  days  before,  but  the  trials  were  not  carried  far 
enough  to  prove  how  much  of  the  difference  was  due  to  this 
change  and  how  much  to  other  causes  which  resulted  in 
more  or  less  change  in  stopping  distance  under  equivalent 
conditions  throughout  the  tests. 

2.  Braking  Power  Required  on  Clasp  Brake  Cars  to 
Insure  Practically  the  Same  Stop  as  Present 

Standard  Brake  Rigging 

The  records  indicate  that  with  approximately  150% 
nominal  emergency  braking  power  on  the  clasp  brake  cars 
and  170%  nominal  emergency  braking  power  on  the  stand- 
ard brake  cars,  the  difference  in  running  piston  travel  with 
the  two  equipments,  (i5^"  average  increase  with  150% 
braking  on  dasp  brake  cars  and  5"  average  increase  with  a 
170%  braking  power  and  standard  rigging)  will  be  such 
that  the  actual  per  cent,  of  braking  power  realized  will  pro- 
duce approximately  the  same  stop  with  each  type  of  rigging. 

3-    Uniformity  oe  Performance  oe  Standard  and  Clasp 
Brake  Cars,  in  Emergency  Stops 

The  stops  with  the  three  clasp  brake  cars  vary  through 
a  considerably  narrower  range  than  those  for  the  three 
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standard  brake  cars  with  the  same  percentage  of  braking 
power,  which  indicates  that  the  clasp  brake  insures  a  greater 
uniformity  of  brake  action. 

For  example,  the  variation  in  rate  of  retardation  of 
the  clasp  brake  cars  on  different  tests  under  similar  condi- 
tions amounted  to  only  about  6  per  cent.,  while  for  the 
standard  brake  cars,  the  corresponding  variation  is  30  per 
cent. 

The  single  car  emergency  tests',  made  to  find  out  if 
there  was  any  greater  variation  in  rates  of  retardation  on 
individual  cars  with  the  standard  than  there  was  with  the 
clasp  brake,  indicated  that  on  the  basis  of  the  same  amount 
of  braking  power,  the  individual  cars  varied  but  little  and 
approximately  the  same  amount  for  both  types  of  rigging 
(7.65%  for  the  clasp  brake  and  6%  for  the  standard  brake.) 

4.  COEP-'FICIENT    OF    BrAKE     ShOE    FriCTION     WITH     OnE 

Brake  Shoe  per  Wheei.  and  With  Two  Brake 
Shoes  per  Wheel 

The  results  of  the  tests  do  not  show  that  any  consist- 
ently higher  average  coefiicient  of  brake  shoe  friction  was 
realized  on  the  cars  having  two  shoes  per  wheel  than  on  the 
cars  having  one  shoe  per  wheel. 

5.  Wheel  Sliding  with  Clasp  and  Standard  Brake 

Cars 

On  the  high  speed  track  with  the  clasp  brake  cars  the 
longest  slide  with  any  of  the  percentages  of  braking  power 
used  either  in  emergency  or  service  application  was  35  ft. 
for  one  pair  of  wheels.  In  similar  tests  with  the  standard 
brake  cars  no  sliding  occurred  in  service  application  but  in 
emergency  applications  individual  pairs  of  wheels  (always 
middle  pairs)  slid  occasionally.  The  longest  slide  recorded 
was  585  ft.  Next  in  order  of  length  came  one  each  of  330 
ft.,  125  ft.,  100  ft.,  90  ft.  and  several  more  shorter  slides. 

6.  Effect  of  Emergency  Reservoirs  Being  Cut  in  or  Out 

STANDARD  BRAKE  CARS. 

Comparative  tests  of  standard  brake  cars  with  and 
without  emergency  reservoirs  average  1136  ft.  stop  from 
60  miles  per  hour  with  the  emergency  reservoirs  cut  out 
and  970  ft.  for  the  reservoirs  cut  in.    This  shows  that  there 
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was  an  average  increase  of  about  166  ft.  in  the  length  of 
stop  when  the  emergency  reservoirs  were  cut  out. 

However,  it  should  be  observed  in  this  connection,  that 
there  is  as  great  a  difference  as  this  between  the  best  and 
the  poorest  stops  made  with  the  standard  brake  cars  and 
the  emergency  reservoirs  cut  in. 

Thus  the  cutting  out  of  the  emergency  reservoirs  does 
not  necessarily  influence  the  length  of  stop  any  more  than 
may  result  from  other  causes,  such  as  condition  of  brake 
shoes,  when  all  conditions  were  supposed  to  be  the  same. 

CLASP  BRAKE  CARS. 

Practically  the  same  relation  between  the  emergency 
stops  with  emergency  reservoirs  in  and  out  was  found  to 
exist  with  the  clasp  brake  cars  as  indicated  above  for  the 
standard  brake  cars.  With  the  emergency  reservoirs  out,  an 
average  stop  of  1084  ft.  was  obtained  and  with  the  emerg- 
ency reservoirs  in,  the  stopping  distance  averaged  944  ft., 
or  an  average  increase  of  144  ft.  when  the  emergency  res- 
ervoirs were  cut  out. 

7.  Total   Leverage   Ratio   with    Clasp   Brake   Cars 

The  average  increase  in  emergency  running  piston  trav- 
el over  service  standing  piston  travel,  averaged  from  all 
runs  in  the  log,  was  2"  for  the  clasp  brake  rigging  and  5" 
for  the  standard  brake  rigging,  both  at  nominally  170% 
braking  power.  The  maximum  increase  for  the  clasp  brake 
cars  was  3j^"  and  for  the  standard  brake  cars  6J^". 

If  it  is  assumed  that  an  increase  of  2^"  piston  travel 
is  not  objectionable,  the  total  leverage  ratio  on  the  clasp 
brake  cars  can  be  increased  from  about  5.6  to  i  (as  it  aver- 
aged for  the  cars  used  in  these  tests)  to  about  8  to  i,  with 
maximum  emergency  braking  power  150%,  should  such 
a  leverage  ratio  be  found  desirable  in  order  to  permit  the  use 
of  smaller  size  brake  cylinders  and  still  insure  satisfactory 
results. 

8.  Effect  of  Clasp  and  Standard  Brake  Rigging  on 
the  Movement  of  the  Journals,  Side  Pressure 

Against    Pedestals,    Distribution    of 
Brajcing  Forces 

With  the  standard  brake  rigging  it  was  observed  that 
the  high  pressure  exerted  by  the  single  shoe  on  one  side  of 
the  wheel,  tilted  the  brasses  sufficiently  to  lift  one  side  of 
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the  brass  a  considerable  distance  away  from  the  journal, 
so  that  a  wide  space  was  open  for  waste  to  be  caught  be- 
tween the  brass  and  the  journal  when  the  brake  was  re- 
leased. One  instance  was  observed  when  on  a  service  ap- 
plication of  the  brake,  waste  was  found  wrapped  around 
the  journal.  The  collar  was  forced  nearly  and  in  some 
cases  quite  to  the  side  of  the  box  and  in  all  cases  the  boxes 
were  forced  tightly  against  the  pedestals.  See  Figs,  i  and  2. 
These  effects  were  not  confined  to  emergency  appli- 
cations but  were  also  noted  in  service  applications  of  the 
brake  and  are  all  in  the  direction  of  producing  hot  boxes 
and  rough  riding  during  brake  applications.  The  binding  of 
the  boxes  against  the  pedestals  and  the  unequal  distribu- 
tion of  the  percentages  of  braking  power  with  the  single 
brake  shoe  per  wheel,  also  tend  to  produce  slid  flat  wheds. 
•  With  the  clasp  brake  arrangement  none  of  the  effects 
just  mentioned  existed. 

9.  Service  Applications  with   Standard  and  Clasp 

Brake  Rigging 

^  While  the  records  show  but  a  slight  diflPerence  in  length 
of  stop  in  service  applications  in  favor  of  the  clasp  type  of 
brake  rigging,  there  was  a  marked  improvement  in  the 
riding  of  the  cars  during  service  stops  with  the  clasp  brake 
cars  as  compared  with  those  of  the  standard  brake  cars, 
with  less  displacement  of  trucks,  journals,  etc. 

10.  Relative  Wear  of  Brake  Shoes  with  Standard 

AND  Clasp  Brake  Rigging 

While  there  was  no  record  of  the  amount  of  brake  shoe 
wear  by  weighing  the  shoes,  it  was  observed  that  the  shoes 
wore  down  much  faster  with  the  standard  brake  rigging 
than  with  the  clasp  brake  rigging.  While  used  shoes  were 
applied  to  all  cars  at  the  beginning  of  the  test,  some  of  the 
shoes  on  the  clasp  brake  cars  had  not  been  worn  down  to  a 
full  bearing  at  the  conclusion  of  the  tests.  The  shoes  on 
the  standard  brake  cars  wore  down  to  a  bearing  in  a  few 
days,  but  in  some  cases  did  not  hold  this  bearing  but  warped 
away  from  the  wheel  so  that  the  amount  of  surface  in  con- 
tact was  changing  from  day  to  day. 
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II.     Rklative  Heating  of  Wheels  and  Shoes  with 
Clasp  and  Standing  Brake  Rigging 

It  was  noted  that  the  temperature  of  both  wheels  and 
brake  shoes  with  clasp  brake  cars  was  uniformly  much 
lower  than  with  the  standard  brake  rigging,  which  would 
reduce  to  a  minimum  the  heating  of  tires  and  damage  to 
wheels  and  prolong  the  life  of  the  brake  shoe. 

The  tests  discussed  briefly  above  brought  out  conclu- 
sively that  the  clasp  brake  was  the  proper  design  of  brake 
for  use  on  heavy  passenger  equipment.  The  increasing  ten- 
dency toward  all  steel  cars  has  made  necessary  a  design  of 
brake  which  will  be  sufficient  to  give  a  stopping  distance  in 
both  service  and  emergency  equal  or  better  than  that  obtain- 
ed with  the  standard  brake  and  do  this  without  sliding 
wheels.  The  fact  that  practically  all  new  passenger  cars  pur- 
chased on  the  N.  Y,  C.  Railroad  have  the  clasp  brake  and 
that  little  or  no  trouble  is  experienced  with  slid  flats  must 
be  considered  as  favorable  to  the  new  design. 
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A  NEW  SOLUTION  FOB  THE  PROBLEM  OF 
SELECTIVITY  IN  TORPEDO  CONTROL 

By  B.  F.  MiESSNER,  E.  E.,  '17 

The  recent  War  Department  tests  of  the  Hammond 
Wirelessly  directed  torpedo,  which  has  been  reported  from 
many  authoritative  sources  as  the  most  formidable  weapon 
of  destruction  ever  developed  for  naval  warfare  and  the 
many  newspaper  accounts  and  editorial  comments  occas- 
ioned by  the  remarkable  success  achieved  in  these  tests, 
makes  a  discussion  of  the  solution  of  one  of  the  chief  prob- 
lems encountered  particularly  interesting  at  this  time. 

A  practical,  shore-directed  torpedo  has,  for  years,  been 
one  of  the  wildest  dreams  of  Naval  and  Army  officers.  Given 
a  high  speed,  semi-submerged  vessel,  carrying  a  sufficient 
charge  of  high  explosive  material  to  blow  the  biggest  dread- 
naught  virtually  into  pieces,  and  a  reliable  and  accurate 
means  of  guiding  it  from  a  distance.  With  these  a  nation 
need  never  fear  invasion  by  sea;  A  large  number  of  these 
torpedoes  (a  thousand  of  which  could  be  built  for  the  cost 
of  a  single  battleship)  scattered  along  the  coast  with  wire- 
less control  stations  for  operating  them  would,  indeed, 
afford  a  most  effective  means  of  coast  defense. 

The  realization  of  these  facts  as  long  as  twenty  years 
ago  led  inventors  and  scientific  men  to  focus  their  atten- 
tion on  the  development  of  a  dependable  means  of  distant 
control  for  self  propelled  boats.  Now,  at  the  end  of  two 
decades  of  work  by  investigators  in  all  quarters  of  the 
globe  twenty  years  of  endeavor,  failure,  and  minor  suc- 
cesses— we  are  at  last  upon  the  threshold  of  a  new  era  in 
Naval  warfare,  an  era  fraught  with  possibilities,  the  per- 
ception of  which  even  by  the  veriest  layman,  requires  no 
over-exercise  of  the  imagination.  An  era  of  WARFARE 
we  say,  and  yet  can  we  help  but  say  of  PEACE  as  well,  for 
is  it  not  true  that  every  engine  of  destruction  conceived  by 
man  is  also  a  weapon  of  construction?  Does  not  every 
death  dealing  instrument  of  war  tend  to  avert  the  very  end 
for  which  it  was  created?  Does  not  every  new  advance  in 
the  science  of  human  slaughter  make  war  more  and  more 
horrible  and  humanity  less  and  less  tolerant  of  these  relics 
of  barbarism,  these  present-day  methods  of  settling  inter- 
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national   difficulties,   which   even   now   are   exacting   their 
tremendous  revenue  of  human  life  and  misery? 

Considered  broadly  the  two  greatest  difficulties  to  be 
overcome  in  the  evolution  of  a  serviceable  dirigible  torpedo, 
have  been, 

1.  The  lack  of  a  reliable  means  of  transmitting  and 
receiving  a  sufficient  amount  of  energy  to  actuate  the 
control  apparatus  at  useful  distances. 

2.  "The  Selectivity"  problem.  This,  stated  simply,  is 
to  provide  a  means  of  allowing  the  shore  station  to  direct  its 
torpedo  unhindered  by  the  attempts  of  the  hostile  battleships 
to  interfere. 

The  first  of  these  difficulties  has  only  been  surmounted 
within  the  last  three  years ;  the  second,  though  not  yet  com- 
pletely solved,  is  well  on  the  way  and  bids  fair  to  make 
complete  the  realization  of  the  invention's  possibilities.  The 
fact  that  Mr.  Hammond  has  successfully  controlled  a  high 
speed,  explosive-laden  boat  at  distances  up  to  thirty  miles 
from  the  transmitting  station  while  deliberate  attempts  to 
interfere  were  being  made  by  nearby  wireless  stations,  fur- 
nishes proof  enough  to  convince  the  most  skeptical,  of  the 
invention's  value  in  defending  the  extended  coast  lines  of  the 
United  States. 

The  selectivity  problem,  which  is  the  greatest  by  far 
of  all  obstacles  to  be  overcome  in  the  successful  evolution 
of  a  wirelessly  controlled  torpedo  is  one  of  comparative 
difficulty  depending  upon  the  degree  of  non-interferability 
desired. 

A  selective  receiver  may  be  likened  to  a  safety  vault. 
The  transmitter  corresponds  to  the  owner  of  the  safe  and 
he  alone  possesses  the  combination.  No  safes  are  absolute- 
ly burglar-proof,  and  their  value  depends  principally  upon 
the  length  of  time  required  for  a  skilled  cracksman  to 
reach  the  inside.  Likewise  no  receivers  are  absolutely  se-. 
lective  for  the  simple  reason  that  an  operator  of  another 
station  bent  on  interfering  can  take  observations  and  meas- 
urements on  the  signals  sent  out  to  the  selective  receiver 
(just  as  a  burglar  may  watch  the  opening  of  a  safe  by  the 
owner)  and  adjust  his  own  apparatus  to  emit  waves  of  ex- 
actly the  same  characteristics  as  those  of  the  transmitter  de- 
signed and  adjusted  for  the  selective  receivers  operation. 

The  burglar,  instead  of  trying  to  learn  the  combination 
of  a  safe,  may  use  sheer  force  in  reaching  the  inside ;  an 
explosion  of  nitro-glycerin  for  example.  In  the  same  man- 
ner a  hostile  transmitting  station  can  perform  the  desired 
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effect  in  the  selective  receiver,  i.  e.,  operate  the  receiving 
relay,  by  the  emission  of  very  strong  signals,  so  that  forced 
oscillations  are  set  up.  This  is  known  as  the  "whip  crack" 
effect  and  it  is  believed  that  very  few  receivers  are  immune 
from  it. 

The  best  wireless  signalling  sets,  such  as  those  used 
by  the  United  States  Navy,  are  considered  very  selective 
and  yet  the  interference  existent  between  them  is  quite 
serious.  Take  for  example:  Washington  is  receiving  a 
message  from  the  Eiffel  Tower  Station  in  Paris  which  is 
sending  at  3,000  meters  wave  length.  It  is  easily  possible 
for  a  station  in  California  with  an  equal  amount  of  power 
and  at  practically  the  same  distance  to  make  the  Paris  mes- 
sage unintelligible  at  Washington  simply  by  sending  signals 
at  or  within,  say,  two  or  three  per  cent,  of  3,000  meters 
wave  length. 

Again,  some  insignificant  station,  with  little  power  and 
within  a  few  miles  of  Washington,  could  make  it  practically 
impossible  for  Washington  to  receive  any  messages  at  all 
from  distant  stations,  by  sending  out  broadly  tuned  signals 
of  high  damping.  These  highly  damped,  or  untuned  signals, 
by  the  previously  mentioned  whip  crack  effect,  cause  the 
receiving  antennae  to  vibrate  in  their  own  periods  regard- 
less of  what  these  periods  may  be  and  thereby  produce  a 
great  deal  of  interference.  To  illustrate :  sing  a  clear,  steady 
tone  into  a  piano.  The  string,  which  when  struck,  emits 
that  tone  will  audibly  vibrate  in  resonance.  Then  shout 
loud  and  gruffly  into  the  same  piano;  practically  every 
string  will  be  set  in  vibration  thus  producing  a  dull  roar. 
The  first  tone  corresponds  to  the  signals  sent  out  by  tuned 
transmitters;  the  second  (noise)  to  the  whip  crack  signals 
emitted  by  an  untuned  transmitter. 

Another  comparison  might  serve  to  illustrate,  the  de- 
gree of  selectivity  necessary  for  torpedo  control.  We  have 
three  persons.  A,  B,  and  C.  A  and  B  are  together  at  one 
place  and  C  is  a  mile  away.  The  problem  is  to  allow  A 
to  hear  what  C  says  while  B  is  shouting  in  his  ears.  "Im- 
possible," you  say?  Yet  the  torpedo  problem  is  practically 
an  exact  analogy.  We  must  be  able  to  make  the  electro 
magnetic  ear  of  the  torpedo  hear  our  control  impulses  eight 
miles  away,  while  it  is  at  the  very  side  of  a  battleship  cap- 
able of  almost  deafening  it  with  a  force  of  its  own  power- 
ful signals. 

It  is  true  we  could  sidetrack  the  selectivity  problem 
and  simply  use  such  a  large  amount  of  energy  at  our  shore 
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station  that  more  energy  could  be  delivered  to  the  torpedo 
at  eight  miles  distance  than  the  hostile  battleship  could  de- 
liver to  it  at  a  hundred  feet.  This  is  possible  because  the 
amount  of  energy  that  can  effectively  be  used  aboard  a  mod- 
ern battleship  does  not  greatly  exceed  five  K.  W.  This  is 
due  to  the  limited  size  of  the  antenna.  A  shore  station,  with 
practically  no  limits  on  the  size  and  height  of  its  antenna, 
can  easily  use  100  K.  W.  The  shore  station  also  has  the  ad- 
ditional advantage  of  being  able  to  direct  its  energy  some- 
what in  the  general  direction  of  operations.  This  can  be 
accomplished  either  by  the  use  of  an  inverted  "L"  type 
antenna  with  a  flat  top,  long,  in  proportion  to  its  height,  as 
suggested  by  Marconi,  or  by  the  use  of  the  Bellini-Tosi 
Radio  Goniometer. 

Side  stepping  the  problem,  by  using  a  land  station  of 
tremendous  power  is,  however,  not  the  practical  and  efficient 
solution.  In  the  first  place  although  desirable,  absolute  se- 
lectivity is  not  necessary.  A  receiver  that  would  require, 
say,  fifteen  minutes  time  for  the  enemy  to  learn  its  combin- 
ation, that  is,  the  characteristics  of  its  operative  wave. 
would  in  all  probability  satisfy  the  requirements.  In  that 
length  of  time  the  torpedo  Would  very  likely  have  completed 
its  work  of  destruction. 

Since  the  problem  of  securing  a  sufficiently  high  de- 
gree of  selectivity  to  insure  non-interf erability  has  been  at- 
tacked from  many  different  sides,  without  the  desired  re- 
sults. Those  engaged  in  this  work  have  cast  about  for  paths 
which  might  lead  to  the  solution  of  the  real  problem.  This, 
after  all  is  not  one  of  selectivity,  although  heretofore  looked 
upon  as  such  but  it  is  simply  one  of  preventing  interference. 
A  safe  manufacturer,  instead  of  devoting  his  entire  atten- 
tion to  developing  complicated  combination  locks  or  ex- 
plosion-proof vaults,  might  arrive  at  the  same  desired  end, 
namely  to  keep  burglars  out  by  an  entirely  different  route. 
This  might  be  accomplished  by  electrifying  the  safe  with 
powerful  apparatus  within  it  so  that  the  burglar  would  not 
dare  to  tamper  with  it  for  fear  of  being  his  own  executioner. 
The  problem  of  selectivity  likewise  can  be  cast  aside 
as  one  of  secondary  importance  and  the  real  problem  of 
keeping  the  enemy  from  tampering  with  the  torpedo  by 
means  of  their  own  wireless  transmitter,  solved  by  the  use 
of  apparatus  which  will  make  them  their  own  executioner. 
In  1912  the  writer,  associated  with  John  Hays  Ham- 
mond, Jr.,  developed  an  apparatus  which  we  have  called 
"An  Orientation  Mechanism."     The  principle  involved  in 
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this  machine  has  been  applied  to  torpedo  control  with  this 
same  idea  of  making  it  hazardous  for  th6  enemy  to  attempt 
interference.  This  orientation  mechanism  which  has  also 
been  popularly  called  the  "Electric  Dog,"  in  its  present  form, 
consists  of  a  rectangular  box  about  three  feet  long,  one  and 
a  half  feet  wide,  and  one  foot  high.    This  box  contains  all 
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the  instruments  and  mechanism,  and  is  mounted  on  three 
wheels,  two  of  which  are  geared  to  a  driving  motor,  and  the 
third,  on  the  rear  end,  is  so  mounted  that  its  bearings  can 
be  turned  by  electro  magnets  in  a  horizontal  plane.  Two 
five  inch  condensing  lenses  on  the  forward  end  appear  very 
much  like  large  eyes. 

If  a  portable  electric  light  be  turned  on  in  front  of  the 
machine  it  will  immediately  begin  to  move  toward  the  light, 
and  moreover,  will  follow  that  light  all  around  the  room  in 
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many  complex  manoeuvers  at  a  speed  of  about  three  feet 
per  second.  The  smallest  circle  in  which  it  will  turn  is  of 
about  ten  feet  diameter  this  is  due  to  the  limiting  motion 
of  the  steering  wheel. 

Upon  shading  or  switching  off  the  light  the  dog  can 
be  stopped  immediately  but  it  will  resume  its  course  behind 
the  moving  light  so  long  as  the  light  reaches  the  condensing 
lenses  in  sufficient  intensity.  Indeed,  it  is  more  faithful  in 
this  respect  than  the  proverbial  ass  behind  the  bucket  of 
oats.  To  the  uninitiated,  the  performance  of  the  pseudo 
dog  is  very  uncanny. 


The  explanation  is  very  similar  to  that  given  by  Jaques 
Loeb,  the  biologist,  of  reasons  responsible  for  the  flight  of 
moths  into  a  flame.  According  to  Mr.  Loeb's  conclusion, 
which  is  based  on  his  researches^  the  moth  possesses  two 
minute  cells,  one  on  each  side  of  the  body.  These  cells  are 
sensitive  to  light,  and  when  one  alone  is  illuminated  a  sen- 
sation similar  to  our  sensation  of  pain  is  experienced  by  the 
moth;  when  both  are  equally  illuminated,  no  unpleasant 
sensation  is  felt.  The  insect  therefore  keeps  its  body 
in  such  a  position,  by  some  manner  of  reflex  action,  as  will 
insure  no  pains,  and  in  this  position  the  forward  flying  mo- 
tion will  carry  it  directly  toward  the  source  of  light. 

The  orientation  mechanism  possesses  two  Selenium 
cells,  corresponding  to  the  two  light  sensitive  organs  of  the 
moth,  which,  when  influenced  by  light  effect  the  control  of 
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sensitive  relays,  instead  of  controlling  nervous  apparatus 
for  pain  production,  as  is  done  in  the  moth.  The  two  relays 
controlled  by  the  selenium  cells  in  turn  control  electro  mag- 
netic switches  which  effect  the  following  operations;  when 
one  cell  or  both  are  illuminated  the  current  is  switched  onto 
the  driving  motor;  when  one  cell  alone  is  illuminated,  an 
electro  magnet  is  energized  and  effects  the  turning  of  the 
rear  steering  wheel.  The  resultant  turning  of  the  machine 
will  be  such  as  to  bring  the  shaded  cell  into  the  light.  As 
soon  and  as  long  as  both  cells  are  equally  illuminated  in 
sufficient  intensity,  the  machine  moves  in  a  straight  line 


Tig,  8 

toward  the  light  source.  By  throwing  a  switch,  which  re- 
verses the  driving  motors  connecting,  the  machine  can  be 
made  to  back  away  from  the  light  in  a  most  surprising  man- 
ner. When  the  intensity  of  the  illumination  is  so  decreased 
by  the  increasing  distance  from  the  light  source,  that  the  re- 
sistances of  the  cells  approach  their  dark  resistances,  the 
sensitive  relays  break  their  respective  circuits,  and  the  ma- 
chine stops. 

The  principle  of  this  orientation  mechanism  has  been 
applied  to  the  Hammond  Dirigible  Torpedo  for  demonstra- 
ting what  is  known  as  Attraction  by  interference.  That  is, 
if  the  enemy  tries  to  interfere  with  the  guiding  station's  con- 
trol, the  torpedo  will  be  attracted  to  it.  The  torpedo  is  fit- 
ted with  apparatus  similar  to  that  of  the  electric  dog,  so  that 
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if  the  enemy  turns  their  search  light  on  it,  it  will  immediate- 
ly be  guided  toward  that  enemy  automatically. 

In  order  that  the  search  light  used  by  the  control  oper- 
ator may  not  have  this  same  effect,  use  is  made  of  a  Gyro- 
scope to  keep  the  turn  table  upon  which  the  cells  are  mount- 
ed, in  a  fixed  position  relative  to  the  earth.  In  this  way  no 
matter  how  much  the  torpedo  turns,  or  in  what  direction  it 
is  traveling  the  selenium  cells  will  always  face  from  the 
shore  and  toward  the  attacking  battleship  in  the  open  sea. 

By  means  of  two  directive  antennae,  instead  of  two 
selenium  cells  the  same  principle  may  be  applied  for  attrac- 
tion by  interference  when  Hertzian,  instead  of  light  waves 
are  used.  Sound  waves  might  also  be  utilized  in  a  similar 
manner  so  that  the  sound  reaching  the  torpedo  (which 
would  be  equipped  with  two  submerged  microphones  made 
sensitive  and  directive  by  megaphone  attachments)  from 
the  pounding  of  the  battleships  engines  and  other  machin- 
ery, would  effect  its  attraction  in  a  way  analogous  to  the 
attraction  of  a  source  of  light  for  the  orientation  mechan- 
ism. It  is  just  possible  too,  that  similar  apparatus  could  be 
used  for  the  detection  of  submarines,  or  for  defense  against 
them. 
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PROGRESS  IN  METHODS  OF  WATER 
PURIFICATION 

By  C.  A.  Jennings,  Purdue,  '06 

Although  alum  was  used  in  Egypt  many  years  ago  to 
clarify  water,  nevertheless  very  little  was  done  toward  pur- 
ifying water  until  the  last  century.  The  underground 
sources  of  water  supply  were  usually  sufficient  to  furnish 
all  the  water  needed.  As  cities  grew  in  size,  it  became 
necessary  in  many  cases  to  find  sources  of  water  supply 
more  ample  for  the  present  and  future  needs.  Many  cities 
began  to  use  surface  water  supplies.  Incident  to  the  growth 
in  population  and  the  introduction  of  sewer  systems  was  the 
increased  pollution  of  the  surface  water  supplies.  The  new 
science  of  bacteriology,  developed  about  the  middle  of  the 
last  century,  showed  the  relationship  between  polluted  water 
supplies  and  intestinal  diseases.  Means  were  adopted  to 
purify  as  well  as  clarify  water.  Storage  reservoirs,  set- 
tling basins  and  filters  then  came  into  use.  For  various 
reasons  the  installation  of  filters  (slow  sand  and  rapid  sand 
or  mechanical)  was  more  widely  adopted  than  other  meth- 
ods of  purification.  Principally  this  was  due  to  their  adap- 
tability to  almost  any  topography,  capability  of  handling 
water  of  any  character  and  their  compactness.  The  rapid 
and  phenomenal  growth  of  filtration  in  the  United  States  is 
shown  in  the  following  table  compiled  by  Mr.  Geo.  A.  John- 
son of  New  York.  This  table  shows  the  population  supplied 
with  filtered  water: 

1870  None 

1880  30,000 

1890  310,000 

1900  1,860,000 

1910  10,806,000 

1914  17,291,000 

Filter  plants  were  formerly  installed  with  a  guarantee 
to  remove  all  but  2%  or  3%  of  the  bacteria  in  the  water. 
As  the  population  per  square  mile  on  the  watersheds  be- 
came greater  and  greater  and  the  volume  of  sewage  dis- 
charged into  the  streams  became  larger  and  larger,  the  bur- 
den placed  upon  the  purification  plants  was  found  to  be  ex- 
cessive. This  condition  called  for  the  development  of  a 
finishing  process. 
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.  About  1908  four  methods  of  treatment  supplementary 
to  filtration  and  other  water  purification  systems  were  de- 
veloped. They  were  the  hypochlorite,  liquid  chlorine,  ozone 
and  ultra-violet-ray  processes.  Chlorine  gas,  a  by-product 
of  the  manufacture  of  soda,  when  passed  into  lead  lined 
chambers  containing  dry,  slaked  lime,  forms  bleaching  pow- 
der, hypochlorite  of  lime  or  "hypo"  as  it  is  called  by  water- 
works men.  The  average  strength  of  hypo,  expressed  as 
"available  chlorine"  is  about  37%.  Hypo  was  first  used 
on  a  large  scale  in  water  work  in  1908  at  the  Bubbly  Creek 
filter  plant  at  the  Chicago  Stock  Yards.  It  was  not  used 
for  clarifying  water  but  for  oxidizing  the  organic  matter 
and  killing  the  bacteria.  It  was  found  that  this  treatment 
seemed  to  have  an  aflfinity  for  the  disease  producing  bac- 
teria in  water,  which  was  the  primary  object  of  such  sup- 
plementary processes.  Up  to  1914  some  500  cities  had 
adopted  this  treatment,  some  using  it  alone  as  an  emergency 
treatment  while  other  cities  used  it  as  an  adjunct  or  fin- 
ishing process  with  filtration,  sedimentation  or  storage.  It 
has  served  its  purpose  well.  Many  epidemics  of  Typhoid 
Fever  have  been  arrested  and  probably  many  more  have  been 
averted  by  the  use  of  this  process.  It  has  been  a  cheap 
treatment  to  install  and  to  operate  and  its  efficiency  cannot 
be  questioned. 

Within  the  last  year  or  18  months  a  new  treatment  has 
reached  a  practical  working  basis  and  has  been  rapidly  re- 
placing hypo  treatment.  This  is  the  liquid  Chlorine  method 
of  water  disinfection.  Chlorine  gas  is  pumped  into  steel 
cylinders  and  liquified  by  pressure.  When  so  prepared 
the  gaseous  or  liquid  chlorine  will  analyze  99%  or  more  of 
"available  chlorine."  Cylinders  are  connected  to  special 
reducing  valves  and  gauges  and  the  chlorine  is  fed  to  the 
water  under  treatment  usually  in  the  form  of  a  solution  pre- 
pared by  discharging  the  gas  (the  liquid  chlorine  becomes 
gaseous  chlorine  as  it  passes  from  the  higher  to  the  lower 
pressure)  into  an  absorption  tower.  This  is  filled  with  some 
substance  which  will  not  be  attacked  by  the  chlorine  and 
will  present  considerable  surface  for  absorption  of  the  chlo- 
rine by  a  stream  of  water  which  flows  down  through  the 
absorption  tower. 

Liquid  chlorine  treatment  is  replacing  hypo  because 
usually  it  is  cheaper,  it  is  more  eflScient,  its  regulation  and 
adjustment  can  be  more  easily  and  quickly  accomplished 
than  with  hypo,  the  reaction  is  more  rapid  and  less  af- 
fected by  low  temperatures  of  water  and  there  is  less  op- 
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portunity  for  tastes  and  odors  resulting  from  liquid  chlo- 
rine than  from  hypo  treatment.  In  short,  it  seems  to  possess 
all  of  the  advantages  and  only  a  few  of  the  disadvantages 
of  hypo  treatment.  Philadelphia,  Brooklyn,  Wilmington, 
Niagara  Falls,  Oklahoma  City  and  a  large  number  of  other" 
cities  have  already  adopted  this  newly  developed  and  newly 
perfected  method  of  water  disinfection.  The  Bubbly  Creek 
filter  plant  at  Chicago,  the  first  to  use  hypo,  has  recently 
discarded  hypo  in  favor  of  liquid  chlorine. 

Ozone  is  a  gas.  It  is  represented  by  the  symbol  O3, 
that  is,  it  is  a  molecule  of  Oxygen  to  which  is  attached  an 
extra  atom  of  Oxygen,  which  however,  is  only  loosely  held. 
Ozone  is  produced  by  electrical  discharges  through  the  at- 
mosphere. To  obtain  the  best  results,  the  water  must  first 
be  freed  of  suspended  matter,  preferably  by  filtration. 
Ozone  is  an  oxidizing  agent  as  are  also  hypo  and  liquid 
chlorine.  It  is  more  expensive  to  install  and  to  operate  than 
either  of  these  and  up  to  the  present  time,  has  not  been 
reduced  to  a  practical  working  basis  in  this  country  although 
it  is  said  that  there  are  several  plants  in  successful  opera- 
tion in  Europe. 

Ultra-violet  ray  disinfection  is  accomplished  by  expos- 
ing water  to  the  action  of  the  ultra-violet  rays  produced  by 
specially  constructed  lamps  immersed  in  the  water  to  be 
treated.  These  rays  are  strongly  germicidal.  However, 
the  penetrating  powers  of  these  rays  are  limited  so  that  it 
is  absolutely  necessary  that  the  water  be  free  from  sus- 
pended matter  and  have  a  color  not  exceeding  15  to  20 
parts  per  million.  It  is  therefore  evident  that  in  order  to 
produce  reliable  results,  the  water  must  first  be  filtered.  As 
with  ozone,  this  treatment  is  somewhat  expensive  to  install 
and  to  operate,  compared  with  hypo  and  liquid  chlorine. 
Likewise,  it  has  not  been  placed  on  a  practical  working 
basis  in  this  country,  although  as  claimed  for  ozone,  there 
are  numerous  successful  operating  plants  in  Europe. 

Thus  it  is  seen  that  when  the  work  to  be  done  by  filtra- 
tion and  other  water  purification  processes  became  unduly 
heavy  and  the  results  at  times  questionable  and  unreliable, 
finishing  processes  were  developed  to  relieve  this  extra  task 
and  so  ensure  reliable  results  at  all  times.  Although  all 
Typhoid  Fever  is  not  caused  by  polluted  water,  neverthe- 
less most  of  the  cases  are  caused  by  water.  One  of  the  best 
evidences  of  the  efficiency  of  these  finishing  processes  is 
the  continued  annual  reduction  in  the  Typhoid  Fever  death 
rates  of  the  cities  using  such  processes. 
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RECENT  CONTROL  REQUIREMENTS  FOR 
ELECTRIC  VEHICLES 

By  W.  H.  Holder,  E.  E.,  '05 

The  manner  of  providing  for  the  speed  control  of  the 
motor  in  electric  vehicles  is  of  vital  importance  to  the  car 
driver  that  he  may  have  quick  and  dependable  response ;  to 
the  passengers,  that  the  acceleration  may  be  smooth ;  and 
to  the  one  who  pays  for  maintenance  that  the  outfit  may  be 
efficient.  The  life  of  the  controller  contacts  and  the  ab- 
sence of  trappy  construction  enter  into  the  problem  of  speed 
control.  Mileage  is  also  increased  by  the  elimination  of  PR 
losses  in  the  controller  and  in  the  series  resistances  which 
may  form  a  part  of  it. 

Practically  all  of  the  motors  used  at  present  on  electric 
vehicles  are  of  the  series  type  with  the  series  field  winding 
in  two  sections.  The  battery  on  the  car  may  either  be  pro- 
vided, permanently  connected  up  as  one  group  of  cells,  or  it 
may  be  divided  into  two  equal  groups. 

For  the  simpler  type  of  speed  control  an  extensively 
used  drum  type  construction  has  been  designed  which  gives 
speeds  as  follows : 

Single  Voltage  Control 

lat  Field  sections  connected  in  series — two  sections  of  series 

resistance. 
2nd.  Field  sections  connected  in  series — one  section  of  series 

resistance. 
3rd.  Field  sections  connected  in  series — no  resistance  in  circuit. 
4th.  Field  sections  connected  in  parallel — shunting  resistance 

across  fields. 

With  this  controller  the  shunting  resistance,  which  is 
used  for  weakening  the  field,  takes  very  little  energ>'  and  its 
use  for  moderate  speed  increase  is  considered  good  practice. 
However,  considerable  energy  is  wasted  in  the  PR  heat  de- 
veloped in  the  series  resistance  which  is  used  on  the  first 
two  running  speeds ;  since  the  driver  will  necessarily  run  for 
a  considerable  portion  of  the  time  on  one  or  the  other  of 
these  low  speeds. 


Digitized  by 


Google 


46  Purdue  Engineering  Review 

The  demand  for  better  efficiency,  longer  mileage  and 
the  elimination  of  series  resistances  has  brought  forth  an- 
other type  of  controller  which  is  usually  built  in  drum  form 
as  follows: 

Double  Voltage  Control 

Ist.   Battery   sections   connected   in   parallel — field   sections   in 

series. 
2nd.   Battery  sections   connected   in  parallel — field   sections   in 

parallel. 
3rd.  Battery  Bections  connected  in  series — field  sections  in  series. 
4th.    Battery    sections    connected    in    series — field    sections    in 

parallel. 

With  the  above  combination  of  circuits  it  will  be  noted 
that  each  one  forms  an  efficient  running  point ;  there  being 
no  loss  due  to  resistance  and  at  the  same  time  an  equally 
wide  range  of  speed  control  is  obtained.  The  absence  of 
resistance  increases  the  mileage  appreciably  and  allows 
maximum  torque  to  be  obtained  on  first  point. 

One  of  the  chief  advantages  of  this  double  voltage 
scheme  of  control  is  in  the  elimination  of  series  resistance, 
used  with  the  single  voltage  controllers,  which  gives  the 
driver  a  great  deal  of  trouble.  This  resistance  burns  out 
with  annoying  regularity  when  the  operator  runs  the  car  for 
several  miles  on  the  low  speeds.  It  might  be  thought  that 
resistance  of  sufficient  capacity  for  all  emergencies  could  be 
used  but  if  this  be  designed  it  will  be  found  that  the  exces- 
sive weight  and  bulk  make  is  absolutely  prohibitive  on  pleas- 
ure cars  at  least,  and  therefore  it  is  very  frequently  found 
that  this  resistance  burns  out,  getting  red  hot  or  even  in 
some  cases  setting  the  car  on  fire.  With  the  double  voltage 
control  system  one  can  operate  on  the  lowest  speed  for  any 
length  of  time,  not  only  without  troubles  from  burnouts  but 
he  is  running  under  efficient  conditions.  The  resistance  used 
with  single  voltage  control  is  designed  for  intermittent  duty 
and  is  intended  primarily  for  acceleration  speeds  and  not 
for  continuous  running. 

Tests  made  on  the  same  car  under  the  same  conditions 
of  road,  stops  and  speeds,  total  length  of  run  being  approxi- 
mately 55  miles  in  each  case  and  stops  .being  made  uniformly 
five  times  per  mile  resulted  in  the  following  data : 

Average  watt  hours  per  car  mile  'with  single  voltage  control — 244 
Average  watt  hours  per  car  mile  with  double  voltage  control — 208 
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of  17.3  percent  more  energy  consumed  by  the  single  volt- 
age control  for  the  same  amount  of  work  done.  For  these 
reasons  it  is  becoming  very  frequent  to  install  double  voltage 
control  where  possible. 

In  commutating  battery  connections,  that  is,  in  chang- 
ing from  sections  in  parallel  to  the  sections  connected  in 
series,  many  control  schemes  allow  the  power  circuit  to  be 
broken.  With  this  type  of  controller  if  the  operator  does 
not  throw  the  control  lever  from  the  running  point  where 
batteries  are  in  parallel  very  accurately  to  the  next  point, 
where  the  batteries  are  connected  in  series,  the  power  circuit 
will  be  opened  giving  an  unpleasant  sensation  and  often 
causing  some  embarrassment  to  the  operator.  In  the  down 
town  traffic  where  automobiles  are  being  hustled  across  the 
street  by  the  traffic  man,  cars  have  been  seen  with  this  type 
of  control,  in  which  the  lady  operator  started  her  car  and 
pushed  the  control  lever  hesitatingly  to  the  point  where  the 
power  supply  was  cut  off  and  her  car  stopped,  but  at  the 
wave  of  the  policeman  the  lever  was  inched  further  and  the 
car  would  suddenly  shoot  forward  necessitating  a  great  deal 
of  skill  to  prevent  an  accident.  This  excess  starting  current 
is  also  abusive  to  battery  and  motor. 

To  overcome  this  trouble  recourse  is  taken  to  some  sort 
of  transitioii  resistance  to  prevent  short  circuiting  of  the 
batteries  while  they  are  being  cpmmutated  without  cutting 
oflf  the  power.  It  might  be  stated  that  as  to  the  necessity 
of  a  battery  transition  resistance,  there  has  been  developed 
by  one  concern  at  least,  a  sufficiently  accurate  star-wheel  or 
notching  device  which  really  prevents  the  operator  from 
pausing  between  points.  This  at  least  is  the  claim,  but  it 
is  the  writers*  opinion  that  a  star- wheel  device  of  sufficiently 
pronounced  notching  to  obtain  this  result  would  be  entirely 
too  tiresome  to  operate.  The  ordinary  control  lever,  par- 
ticiilarly  for  ladies'  use,  should  have  a  star-wheel  effect  only 
sufficient  to  guide  one  to  running  points  and  not  one  strong 
enough  to  actually  throw  the  control  lever  from  the  dead 
center  when  operating  it. 

The  transition  resistance  can  be  worked  out  quite  easily 
on  the  drum ;  the  principle  being  to  connect  a  resistance  in 
shunt  with  the  two  sections  of  the  battery  while  they  are  in 
parallel,  then  open  the  parallel  connections  for  the  batteries 
(not  disconnecting  from  motor)  leaving  the  two  sections 
and  the  resistance  in  series,  and  afterward  shorting  out  the 
transition  resistance. 
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Similarly  the  circuit  should  not  be  broken  when  chang- 
ing from  field  sections  in  series  to  field  sections  in  parallel. 
Transition  resistances  of  the  same  nature  are  frequently 
used  for  this  purpose,  but  since  it  is  possible  to  short  circuit 
a  section  of  the  series  field  without  damage,  there  is  a  pref- 
erable scheme  which  is  worked  out  as  follows.  Have  the 
two  sections  in  series ;  first  short  out  one  of  the  field  sections 
which  leaves  the  remaining  one  actiye,  then  open  the  circuit 
of  the  section  which  is  shorted  out  (without  opening  the 
line  supply  to  the  active  section),  then  connect  this  first  sec- 
tion so  that  it  will  be  in  parallel  with  the  active  one. 

It  has  been  found  that  further  sub-division  of  the  bat- 
tery groups  to  obtain  an  additional  number  of  speeds  is  not 
practical,  on  account  of  the  complication  of  the  controller 
and  the  additional  wiring  required  between  controller  and 
battery.  These  items  increase  the  cost  of  production — the 
extra  leads  introduce  a  fixed  PR  loss  and  further,  the 
speeds  obtainable  with  but  two  groups  give  smooth  accelera- 
tion and  (for  the  average  maximum  speed  of  20  miles  per 
hour)  sufficient  speed  points. 

As  a  further  development  of  this  same  scheme  of  double 
voltage  control  there  has  been  developed  a  full  magnetic 
type  of  control  which  consists  of  a  series  of  magnetically 
operated  contactors.  These  switches  are  controlled  from  a 
small  master  controller  which  is  mounted  directly  on  the 
steering  lever  and  is  so  small  that  it  may  be  enclosed  by  the 
hand.  The  advantages  of  this  magnetic  scheme  are  in  gen- 
eral ;  that  it  is  nicer  to  operate,  particularly  for  a  lady ;  in- 
stead of  having  two  levers  to  operate  there  is  but  one,  the 
steering  lever ;  the  master  controller  having  an  entirely  dlif * 
ferent  motbn  and  is  therefore  not  as  likely  to  be  confused 
with  the  steering  lever.  A  quick  snappy  action  of  the  con- 
tactors equipped  with  magnetic  blow-outs,  reduces  the  arc- 
ing and  deterioration  of  contacts  to  a  minimum.  It  is  easier 
to  operate  this  small  master  than  to  drive  a  drum  controller 
through  all  of  the  bell  cranks  and  against  the  star-wheel 
action,  with  which  most  cars  are  equipped  and  even  the 
battery  transition  resistance  may  be  eliminated  since  the 
batteries  may  be  changed  from  parallel  to  series  connections 
by  the  operation  of  a  single  magnetic  switch  which  operates 
so  quickly  that  the  momentary  opening  of  the  power  circuit 
cannot  be  noticed  by  the  operator. 

In  combination  with  the  hand  master  controller  a  foot 
operated  master  may  also  be  used ;  the  preferable  arrange- 
ment being  to  use  the  hand  master  primarily  as  a  speed  set- 
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ting  device  and  to  connect  the  foot  master  so  that  when  the 
foot  is  removed  from  it  the  car  will  accelerate  up  to  the 
speed  as  determined  by  the  setting  of  the  hand  master  only, 
but  the  speed  may  be  lowered  by  pushing  the  foot  master 
and  the  car  stopped  when  it  is  fully  depressed.  This  scheme 
is  very  desirable  in  crowded  traffic  for  quick  and  frequent 
stops  and  starts. 

In  addition  to  the  regular  functions  of  acceleration, 
speed  control  and  reversing  obtained  with  the  full  magnetic 
controller  and  its  master,  provision  may  be  made  for  dy- 
namic braking.  A  push  button  is  added  to  the  master  which 
operates  to  close  a  contactor  connecting  a  resistance  in  series 
with  the  motor  armature  and  the  fields  after  power  is  cut 
off  so  that  if  the  car  speed  is  about  six  miles  per  hour  or 
higher  a  current  is  generated  by  the  motor  thus  producing 
an  electrical  braking.  This  is  used  regularly  as  a  service 
brake  instead  of  the  foot  brake  and  a  mechanical  foot  brake 
is  used  only  for  an  emergency  quick  stop.  A  magnetically 
operated  disc  brake  is  also  used  by  some  manufacturers ;  this 
being  operated  also  by  closing  its  electrical  circuit  in  the 
master  controller.  This  may  be  used  to  serve  the  same  pur- 
pose as  the  dynamic  braking. 

The  character  of  the  d)mamic  braking  when  applied  is 
to  give  a  peak  at  the  start,  followed  by  a  rapidly  decreasing 
retarding  effect  as  the  speed  lowers  owing  to  the  lower  elec- 
tromotive force  developed  in  the  armature,  wHereas  with  the 
magnetic  disc  brake  the  braking  effort  is  least  at  the  initial 
application,  increasing  as  the  speed  decreases  on  account  of 
the  increasing  coefficient  of  friction  at  lower  speeds. 

In  one  make  of  car  both  types  of  electrically  controlled 
braking  is  used.  The  dynamic  is  first  applied  and  if  not 
sufficient  (on  account  of  low  speed)  the  magnetic  disc  brake 
is  also  used.  The  combination  of  the  two  applied  simultane- 
ously when  properly  designed  gives  an  ideal  retarding  effect 
of  practically  uniform  value  from  high  to  low  speed ;  the 
weakening  of  the  dynamic  braking  at  lower  speeds  being 
equalized  to  a  considerable  extent  by  the  increasing  value  of 
the  disc  brake  effect. 
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A  FEW  NOTES  ON  SAFETY  FIBST 

By  John  D.  Ong,  Ch.,  '13 

Engaged  in  Accident  Prevention  Work, 
with  The  National  Malleable  Castings  Co.,  Chicago. 

The  Safety  First  movement  has  grown  so  remarkably 
fast  and  vigorously  within  the  last  three  years,  that  it 
would  be  folly  to  attempt  to  touch  all  sides  of  the  subject 
in  an  article  of  this  length.  The  writer  will  mention  only  a 
few  general  points  bearing  on  accident  prevention  and  then 
cite  some  of  the  measures  adopted  by  one  company  in  its 
safety  first  work. 

Almost  all  large  industrial  establishments  have  taken 
up  the  movement  and  the  smaller  ones  are  following.  The 
result  is  that  serious  and  fatal  accidents,  and  occupational 
diseases  are  now  almost  unknown  in  some  lines  of  work, 
where  such  occurrences  were  common  only  a  few  years  ago. 
Other  plants  have  materially  reduced  the  number  of  serious 
and  fatal  accidents.  This  reduction  in  the  number  of  in- 
juries has  been  brought  about  by :  first,  co-operation  of  the 
men  "higher  up"  with  the  Safety  First  movement;  second, 
education  of  the  employees  regarding  safety;  third,  safe- 
guarding machines  as  well  as  the  workrnen. 

Men  as  a  rule  resent  being  driven.  Even  the  unedu- 
cated, foreign  laborer  doesn't  enjoy  it.  The  probabilities 
are  that  if  a  man  is  ordered  to  take  a  precaution,  the  reason 
for  which  he  doesn't  understand,  he  will  do  it  but  he  will 
not  feel  right  about  it.  The  first  chance  he  gets  or  as  soon 
as  he  thinks  the  "boss"  isn't  looking,  he  will  do  it  his  way 
and  disregard  the  precaution  altogether.  Especially  is  this 
true  when  Safety  First  work  is  being  started.  The  man  in 
charge  must  be  thoroughly  in  sympathy  with  the  movement. 
He  must  understand  how  to  handle,  men  and  be  able,  by 
what  he  says  and  how  he  acts,  to  gain  the  good  will  and  con- 
fidence of  the  men.  It  is  the  employer's  duty  to  bring  the 
employee  to  see  that  the  chief  reason  for  installing  safety 
methods,  is  for  his,  the  employee's  advantage.  This  is 
one  kind  of  work  employees  cannot  be  driven  into — they 
must  be  led.  For  example,  a  foreman  cannot  give  his  men 
goggles  and  say :  "Wear  these  during  working  hours,"  and 
expect  the  men  to  wear  them  without  complaint  if  he  works 
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around  without  wearing  them  himself.  The  men  will  find  a 
dozen  objectionable  features  in  a  very  short  time.  The  fore- 
man must  practice  as  he  preaches  and  take  the  same  precau- 
tions he  asks  the  men  to  take. 

Very  closely  connected  to  the  co-operation  of  the  men- 
in-charge  of  the  Safety  First  work,  is  that  of  the  education 
of  the  workmen.  Again,  using  the  example  cited  above,  if 
the  foreman  wears  the  goggles  for  a  week  before  asking  the 
men  and  explains  why  they  are  asked  to  wear,  goggles,  point- 
ing out  the  danger  and  risks  taken  by  not  protecting  their 
eyes,  then  he  will  get  satisfactory  results.  The  men  are 
skeptical  at  first  as  to  the  motive  of  the  company  and  as 
to  the  advantage  of  wearing  goggles.  They  should  not  be 
pushed  into  it  too  hurriedly.  Employees  should  be  taught 
to  recognize  the  danger  and  risk  they  take  of  working  un- 
protected ;  of  working  with  unprotected  machines ;  of  work- 
ing with  careless  men,  who  do  not  do  their  work  in  a  safe 
\yay;  of  being  careless  themselves;  of  ignoring  signs,  bulle- 
tins and  suggestions  of  safety  offered  by  the  company.  They 
must  be  educated  to  think,  feel  and  live  "Safety  First." 

If  the  men  are  not  moved  by  the  proper  spirit,  all  the 
safeguards  on  machines  and  all  the  protectors  given  the 
men  will  not  materially  reduce  the  number  of  accidents.  If 
the  workman  doesn't  like  the  guard  provided,  he  will  do  his 
utmost  to  show  up  the  disadvantages  and  weak  points  of  that 
guard.  It  is  not  so  much  a  question  of  making  machines 
"foolproof,"  as  it  is  to  prevent  the  men  from  taking  chances. 
The  education  of  the  workman  is,  in  the  writer's  opinion, 
the  most  important  thing  of  all  in  accident  prevention  work. 

Different  plants  inaugurate  and  carry  on  their  safety 
work  along  several  different  lines ;  one  company  believes  it 
can  best  attain  results  by  placing  it  in  the  hands  of  a  com- 
mittee of  workmen;  another  will  have  a  workmen's  com- 
mittee meet  and  discuss  the  work  With  some  of  the  men  in 
charge  of  the  plant;  another  will  depend  on  the  superin- 
tendent, foremen  and  bosses  to  carry  on  the  movement.  Some 
companies  offer  prizes  to  the  workmen  who  submit  prac- 
tical safeguards  or  safer  methods  for  doing  a  certain  piece 
of  work ;  other  concerns  object  to  giving  prizes  or  money  for 
^^ggestions,  and  many  plants  rely  on  the  men  to  obey  the 
notices,  warnings  and  bulletins  which  appear  from  time  to 
time  on  the  bulletin  boards  in  the  yards  and  buildings.  Each 
method  has  its  good  points  and  it  is  very  much  a  matter  of 
local  conditions  which  will  be  the  most  effective  in  any  one 
plant. 
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To  give  an  idea  of  what  The  National  Malleable  Cast- 
ings Company  is  doing  for  its  men,  a  few  of  the  precautions 
taken  to  prevent  accidents  will  be  indicated.  Proceeding 
on  the  belief  that  a  disabled  or  unhealthy  employee  is  dan- 
gerous to  his  healthy  and  physically  able  fellow  worker,  all 
men  are  given  a  physical  examination  on  entering  the  em- 
ploy of  the  company.  It  is  determined  if  the  applicant's 
sight,  hearing  and  heart  action  are  good,  if  he  has  any  phy- 
sical deformities,  such  as  flat  foot,  hernia,  missing  fingers, 
impaired  use  of  either  hands  or  legs,  old  sores  or  wounds. 
The  company  does  not  expect  perfect  men,  but  it  does  want 
sound  men.  The  applicant  is  questioned  concerning  his 
knowledge  of  the  work  he  is  to  do,  especially  what  his  course 
of  action  would  be  in  case  of  accident.  The  employee  is 
urgently  requested  to  report  to  the  doctor's  office  every  time 
he  meets  with  an  accident,  no  matter  how  slight  the  scratch 
or  how  trivial  the  cut  or  burn.  Failure  to  report  the  acci- 
dent may  be  sufficient  cause  for  laying  oflf  or  discharging  the 
employee. 

All  goggles,  hand  leathers,  leggings  and  knuckle  guards 
mentioned  later  in  this  article  are  sold  to  the  men  at  cost 
price,  are  repaired,  replaced  or  improved  free  of  charge. 
When  the  man  leaves  the  employ  of  the  company  he  is  re- 
funded the  original  cost  of  them.  Holder's  shoes  are  sold 
at  cost,  but  are  not  repaired  or  replaced. 

If  the  new  man  be  a  molder,  he  is  fitted  with  a  pair  of 
light  goggles,  a  canvas  legging,  which  protects  the  leg  near- 
est the  hand  ladle  when  pouring-oflf,  and  a  pair  of  molder's 
shoes,  for  no  lace  or  button  shoes  are  permitted  on  account 
of  the  danger  of  melted  iron  lodging  in  the  shoe  lacing  with 
the  resultant  burns.  The  legging  extends  from  a  few  inches 
above  the  knee  to  the  ankle,  covering  the  top  of  the  shoe,  so 
that  there  is  no  place  for  iron  to  lodge.  All  men  working 
around  melting  furnaces  at  pouring-off  time  are  required  to 
wear  goggles,  for  it  was  formerly  found  that  there  were 
frequent  eye  injuries  due  to  spattering  when  the  melted  iron 
struck  a  "green"  ladle,  or  wet  mold  weight.  A  foundry 
laborer,  who  shakes  out  molds,  shifts  mold  weights  and  han- 
dles pig  iron  and  sprue,  is  provided  with  hand  leathers. 
These  are  a  sort  of  crude  leather  glove  especially  designed 
to  protect  the  ends  of  the  fingers,  and  prevent  hot  sand  from 
burning  the  wrist.  Wheelers  and  truckers  are  provided  with 
handleathers  and  goggles.  Outside  of  the  foundry  all  work- 
men must  wear  goggles  during  working  hours.  Molders  and 
molders'  helpers  are  required  to  wear  goggles  only  while 
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pouring-off.  As  in  the  case  of  not  reporting  accidents, 
failure  to  wear  goggles  may  mean  suspension  of  the  em- 
ployee. 

Men  in  the  trimming  room,  who  handle  only  the  smaller 
castings  are  provided  with  knuckle  guards  of  leather.  Trim- 
ming room  men  as  well  as  those  working  in  the  straighten- 
ing and  fitting  departments  are  provided  with  goggles  hav- 
ing a  light,  fine-mesh  wire  gauze  at  the  sides  of  the  lenses, 
to  prevent  chips  from  striking  the  eyes  from  the  sides. 
Grinders  who  must  work  close  together  are  also  fitted  with 
this  style  of  goggle.  Workmen  in  the  annealing,  rolling, 
slag  and  sprue,  machine,  carpenter  and  pattern  departments 
are  fitted  with  a  light  weight  plain  goggle  similar  to  the 
style  used  in  the  foundry.  Employees  in  the  machine,  car- 
penter and  pattern  shops  are  required  to  wear  their  goggles 
only  on  certain  kinds  of  work. 

Eye  injuries  have  been  reduced  from  an  average  of  20 
to  2  or  3  a  month.  Where  formerly  there  were  many  seri- 
ous eye  accidents,  the  present  ones  are  only  minor  eye  in- 
juries. When  the  V^^-inch  thick  lens  of  the  chippers'  and 
trimmers*  goggles  are  broken  by  a  chip  or  test  lug,  and  the 
eye  is  found  to  be  uninjured,  the  advantage  of  wiearing  gog- 
gles will  be  recognized. 

Belts,  which  are  in  any  way  close  to  or  which  are  liable 
to  be  brushed  into  by  workmen,  are  guarded.  Gears  are 
covered  wherever  there  is  a  possibility  of  an  employee  get- 
ring  a  finger  caught.  Irregular  lathe  chucks  are  covered. 
Emery  wheels  are  covered  almost  entirely  by  an  iron  guard 
and  where  the  nature  of  the  work  permits,  a  small  glass 
giiard  is  placed  between  the  operator's  face  and  the  work, 
allowing  the  man  to  see  his  work,  but  which  prevents 
sparks  from  flying  into  his  face  and  eyes.  Two  emery 
wheels  are  mounted  on  each  machine  and  a  canvas  guard 
i^ween  the  two  wheels  prevents  the  sparks  of  one  wheel 
from  striking  the  workman  at  the  adjacent  wheel.  Where 
two  machines  are  close  together,  a  canvas  guard  is  placed 
between  machines.  The  eye  accidents  in  the  grinding  de- 
partment have  dropped  about  90  per  cent,  since  the  instal- 
lation of  these  guards  and  wearing  of  goggles  by  the  men. 

Drop  hammers,  air  hoists,  chain  tackles,  traveling  cranes 
and  elevators  are  inspected  daily,  to  make  sure  that  they  are 
^n  a  safe  working  condition.  Drop  hammers  are  provided 
with  a  safety  device  which  prevents  hammer  from  dropping 
if  hammer  release  is  accidentally  tripped.  Wheelbarrow 
handles  are  equipped  with  knuckle  guards,  which  prevent 
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injury  to  workmen's  hands  while  passing  through  swinging 
doors  or  along  passageways.  Chisels  of  all  kinds  are  in- 
spected regularly  for  "mushroomed"  heads ;  if  any  are  found 
they  are  ground  or  taken  to  the  blacksmith  shop  for  rehead- 
ing.  Hammers  are  inspected  to  see  that  the  faces  are  not 
chipped  and  under  size. 

Bulletin  boards  are  placed  at  the  main  gates.  Bulletins, 
some  of  which  are  furnished  by  the  National  Council  for 
Inlustrial  Safety,  are  changed  weekly.  A  pair  of  broken 
goggles  are  generally  placed  in  the  bulletin  board  with  a 
short  note  attached,  stating  how  the  accident  occurred  and 
that  the  goggles  probably  saved  an  eye. 

Accidents  occur  even  with  all  the  precautions  that  are 
being  taken,  but  the  attendant  in  the  doctor's  office  isn't 
nearly  so  busy  as  he  was  i8  months  ago.  A  practicing  phy- 
sician attends  to  the  more  serious  cases  daily.  Doctors' 
and  hospital  bills  are  paid  by  the  company.  Of  course,  it 
costs  quite  a  little  to  look  after  the  health  of  the  men,  to  in- 
stall and  maintain  the  safeguards  on  machines  and  the  pro- 
tectors given  to  the  men,  but  it  most  certainly  pays.  It 
makes  the  employee  feel  that  the  company  is  doing  what  it 
can  to  protect  him  from  injury.  It  gives  him  a  contented 
feeling  and  he  will  do  better  work,  work  more  earnestly  and 
efficiently  if  he  is  provided  with  a  safe  place  to  do  his  work. 
When  a  new  man  begins  his  work  he  doesn't  see  why  it  is 
insisted  that  he  take  so  many  precautions.  He  is  tempted  to 
laugh  at  and  ignore  the  Safety  First  policy,  but  he  soon 
learns  that  it  pays  to  be  on  the  safe  side. 

The  plants  of  the  National  Malleable  Castings  Company 
are  not  the  safest  ones  to  work  in  by  far,  but  they  are  con- 
tinually trying  to  improve  and  increase  the  number  of  safety 
devices  and  to  remedy  dangerous  operations.  The  success 
in  getting  the  men,  mostly  foreigners,  to  participate  in  this 
Safety  First  work,  has  been  due,  largely  to  the  way  in  which 
the  matter  has  been  up  to  the  men,  and  to  the  interest  which 
the  officials  have  shown  at  all  times  and  the  p.ersonality  they 
have  put  into  it.    May  the  good  work  go  on. 
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THE  CONSTRUCTION  OF  LOOKS  AND  DAMS  ON 
THE  OHIO  RIVEB 

By  F.  A.  Irick,  C.  E.,  'ii 

With  a  view  to  obtaining  a  navigable  depth  of  nine  feet 
throughout  the  entire  length  of  the  Ohio  River,  congress,  in 
the  river  and  harbor  act,  approved  June  25,  1910,  adopted 
a  project  for  its  complete  canalization  by  a  system  of  locks 
and  dams.  The  project  included  the  construction  of  54  locks 
and  dams  at  an  estimated  cost  of  about  $1,180,000  each,  and 
it  was  required  that  the  work  be  completed  in  12  years. 

The  boats  used  on  the  Ohio  River  are  of  light  draft 
and  of  the  usual  river  type,  the  packet  and  tow  boats  hav- 
ing drafts  of  from  two  to  six  feet^  The  packet  trade  in 
recent  years  is  but  a  small  per  cent,  of  what  it  was  before 
the  day  of  railroads.  This  is  due  largely  to  the  fact  that  it 
is  possible  to  depend  on  a  river  stage  sufficient  to  transport 
a  boat  of  even  two  foot  draft  but  a  short  time  during  the 
year.  The  greater  part  of  the  present  traffic  is  coal  and  iron 
products  from  the  Pittsburg  district  to  lower  Ohio  and  Mis- 
sissippi River  and  gulf  points.  The  loaded  steel  and  coal 
boats  require  for  their  transportation  about  a  ten  foot  stage 
which  seldom  is  maintained  but  a  short  time  between  the 
months  of  June  and  December;  and  during  the  winter 
months,  when  usually  the  stage  is  sufficient  for  transporta- 
tion, much  of  the  time  the  channel  is  obstructed  by  ice. 
When  the  entire  project  is  completed  there  will  be  main- 
tained throughout  all  seasons  of  the  year  a  minimum  channel 
depth  of  nine  feet,  and  transportation  will  be  interrupted 
only  by  ice  and  extreme  high  water  of  the  winter  and  spring 
months. 

The  Ohio  River  is  967  miles  in  length.  Originally  the 
proposed  system  required  54  locks  and  dams  numbered  con- 
secutively I  to  54  from  Pittsburg  to  Cairo,  but  by  some 
re-locations  in  the  lower  river  lock  and  dam  number  42  was 
<^t  out,  leaving  a  total  of  53.  The  minimum  and  maximum 
distances  between  any  two  locks  and  dams  is  1.9  miles  and 
504  miles,  respectively.  In  the  upper  483  miles  of  river 
there  are  37  locks  and  dams  and  16  in  the  lower  483  miles, 
^ese  varying  distances  being  due  to  the  natural  channel 
differences  between  the  upper  and  lower  parts  of  the  river. 
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The  locks  of  the  entire  system  are  of  the  same  size,  100 
feet  by  600  feet,  and  constructed  on  the  same  general  plan. 
They  are  placed  so  that  the  land  wall  is  at  the  foot  of  the 
bank  nearer  the  natural  river  channel.  The  lift  is  between 
6  and  9  feet  in  all  cases,  except  lock  number  i  which  is  3 
feet,  and  lock  number  41  in  the  Louisville  and  Portland 
canal  which  is  28.2  feet,  and  lock  number  54,  which  is  12 
feet.  Both  the  river  and  land  walls  of  the  locks  are  built  of 
plain  concrete,  the  land  wall  extending  600  feet  above  the 
upper  end  of  the  lock  and  600  feet  below  the  lower  end 
of  the  lock  to  serve  as  a  guide  on  entering  the  lock  chamber 
and  protecting  the  channel  from  the  bank  erosion.  The 
river  wall  contains  the  valves  that  fill  and  empty  the  lock, 
also  on  the  outside  of  the  river  wall  at  the  center  of  the 
chamber  is  built  in  a  small  turbine  pit  in  which  is  installed 
a  turbine  that  furnishes  power  to  open  and  close  the  gates 
and  valves.  » 

The  lock  gates  being  used  are  of  the  rolling  -and  miter 
types.  Due  to  the  width  of  the  lock  and  low  lift  and  also  a 
saving  in  length  of  the  lock  walls  it  was  at  first  thought 
more  economical  to  use  the  rolling  type,  but  due  to  the  cost 
of  keeping  this  type  in  repair  and  difficulties  of  operating 
when  not  in  perfect  condition  the  miter  type  is  being  used 
in  the  later  designs. 

The  dams  are  all  of  the  movable  type,  that  is,  they  fold 
down  in  the  bed  of  the  river  when  the  stage  is  sufficient  to 
give  a  nine  foot  channel  depth,  and  do  not  have  any  effect 
on  the  stage  when  this  condition  exists.  They  extend  across 
the  river  at  right  angles  to  the  river  wall  at  the  center  of  the 
lock  chambers  in  all  cases  except  at  the  Louisville  and  Port- 
land canal.  The  typical  dam,  in  the  upper  river,  is  made  up 
of  a  navigable  pass,  bear  traps,  and  chanoine  weir,  in  the 
lower  river  the  bear  traps  are  omitted  and  where  the  river 
is  wide  a  section  of  fixed  weir  is  added  next  to  the  bank 
opposite  the  lock  chamber.  The  navigable  pass  in  all  cases 
is  between  600  feet  and  800  feet  in  length  and  is  made  up 
of  chanoine  wickets  which  in  all  cases  are  between  the 
lengths  of  12  feet  and  18  feet.  The  elevation  of  the  pass 
sill  is  near  the  elevation  of  the  normal  river  bed.  The  stand- 
ard bear  trap  is  in  two  sections  each  91  feet  in  length  sepa- 
rated by  piers,  the  sill  being  near  the  same  elevation  as  the 
pass  sill.  They  are  of  the  two  and  three  leaf  type,  the  two 
leaf  type  being  found  to  give  the  more  satisfactory  results. 
The  principle  use  of  the  bear  traps  is  to  hold  the  proper 
head  during  the  raising  and  lowering  of  the  chanoine  wick- 
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ets,  the  rises  being  more  gradual  in  th^  lower  river,  their 
use  is  found  to  be  unnecessary.  The  chanoine  weir  differs 
only  from  the  navigable  pass  in  that  the  sill  is  about  5  feet 
higher  and  the  wickets  correspondingly  shorter.  The  fixed 
weir  is  built  of  plain  concrete  and  corresponds  in  section  to 
the  usual  fixed  dam. 

Where  practicable  the  foundations  for  the  lock  walls 
and  dam  are  laid  on  solid  rock,  and  where  sand,  gravel,  and 
earth  extend  to  great  depths  the  foundations  are  entirely 
on  piles,  protected  by  sheet  piles  and  riprap.  Practically  all 
of  the  masonry  work  is  plain  concrete. 

The  lock  gates  and  valves  are  operated  by  compressed 
air  supplied  from  storage  tanks  housed  in  a  brick  power 
house  on  top  of  the  bank  near  the  lock  chamber.  The  com- 
pressed air  is  furnished  from  the  turbine  in  the  pit  on  the 
outside  of  the  river  wall  or  from  the  auxiliary  steam  plant 
installed  in  the  power  house. 

A  lock  keeper  is  stationed  at  each  of  the  completed 
dams.  He  has  under  his  charge  a  force  of  men  sufficient  for 
operating  the  lock  gates,  raising  and  lowering  the  wickets, 
maintenance  and  general  repairs.  Lockages  are  made  at  all 
times  free  of  charge  for  any  passing  boat.  The  employees 
are  given  quarters  in  permanent  houses,  2  to  4  in  number, 
which  have  been  constructed  and  are  maintained  by  the 
government  for  this  purpose. 

In  most  cases  the  construction  of  a  lock  and  dam  is  let 
m  one  general  contract  except  some  of  the  movable  parts 
and  machinery.  In  some  cases  contractors  have  either  re- 
cused to  bid  or  their  bids  have  been  excessive,  due  to  the 
unreliability  of  the  seasons  and  character  of  the  foundation 
"jaterial,  in  which  case  the  government  is  doing  the  work  by 
"ired  labor.  The  construction  season  is  variable  usually 
l^ing  from  June  to  December  with  occasional  freshets  which 
always  entail  a  loss  of  time  and  often  great  losses  of  ma- 
terial and  uncompleted  work.  The  average  time  of  con- 
struction is  four  years. 

Beginning  at  the  source  of  the  Ohio  46  miles  of  the 
project  have  been  completed,  and  when  all  work  is  done 
that  is  now  under  construction  202  miles  will  be  completed, 
^nd  when  the  entire  project  is  completed  there  will  be  open 
to  traffic  967  miles  of  river  with  a  minimum  channel  depth 
of  9  feet. 

.  Lock  and  dams  numbers  i,  2,  3,  4,  5,  6,  7,  8,  11,  13,  18, 
^9>  24,  36,  37  and  41  are  constructed,  numbers  9,  10,  12,  14, 
IS,  16,  17,  20,  26,  28,  29,  31,  35,  39,  43  and  48  are  under 
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construction  and  numbers  21,  22,  23,  25,  27,  30,  32,  33,  34, 
38,  40,  44,  45,  46,  47,  49,  5^,  Si,  5^,  53,  and  54  are  to  be 
constructed.  Lock  number  41  in  the  Louisville  and  Port- 
land canal  was  constructed  80  feet  wide;  it  is  at  present 
being  widened  to  1 10  feet. 

Lock  and  dams  numbers  i  to  10,  inclusive,  are  being 
constructed  from  the  United  States  Engineer's  office  at  Pitts- 
burg; numbers  11  to  30,  inclusive,  from  the  United  States 
Engineer's  office  at  Wheeling;  numbers  31  to  40,  inclusive, 
from  the  United  States  Engineer's  office  at  Cincinnati ;  num- 
bers 41  to  54,  inclusive,  from  the  United  States  Engineer's 
office  at  Louisville. 
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THE  FALL  CBEEK  BOULEVARD 

By  A.  A.  Smock,  C.  E.,  '12 

Fall  Creek  is  a  tributary  of  White  River  into  which  it 
flows  at  a  point  about  one  and  one-half  miles  northwest  of 
the  center  of  Indianapolis.  It  is  from  one  hundred  to  one 
hundred  and  fifty  feet  wide  on  an  average  at  low  water, 
although  it,  of  course,  widens  out  at  numerous  places.  Ex- 
cept for  a  few  deep  holes  in  its.  bed  where  gravel  has  been 
excavated,  it  is  very  shallow  and  has  numerous  sand  bars 
along  its  course. 

It  enters  the  City  of  Indianapolis  at  a  point  near  the 
northeast  city  limits  and  flows  southward  and  westward 
through  the' city,  for  about  six  miles,  approximately  half  of 
which  is  through  desirable  residence  district. 

The  creek  bed  has  shifted  toward  the  south  in  the  past, 
and  along  practically  its  entire  southern  side  there  is  a  well 
defined  bank  varying  from  ten  to  twenty  feet  in  height. 
The  northern  bank  as  a  rule  is  quite  low  and  there  is  a  strip 
of  low  ground  all  along  this  bank  that  is  subject  to  overflow 
when  the  creek  rises  abnormally,  as  it  does  every  few  years. 

The  Board  of  Park  Commissioners  of  the  City  of  In- 
dianapolis have  full  control  of  the  stream  and  its  banks,  and 
a  system  of  boulevards  on  both  sides  af  the  stream  is  being 
worked  out.  These  boulevards  are  a  great  benefit  in  more 
ways  than  one.  Primarily,  they  protect  the  adjacent  prop- 
erty, as  the  roadways  are  built  upon  embankments  high 
enough  to  withstand  any  flood  likely  to  occur.  These  em- 
bankments are  laid  out  carefully,  in  long  graceful  curves  and 
in  some  places  they  are  two  hundred  feet  from  the  water 
line,  leaving  a  space  between  the  driveway  and  the  water 
for  a  park.  Several  sections  of  the  boulevard  have  been 
completed  for  a  number  of  years  and  they  have  increased  the 
appearance  of  the  neighborhood  very  much.  They  are  lined 
with  fine  residences,  apartments  and  other  high  class  build- 
ings, which  would  never  have  been  built  along  an  unsightly 
creek  bank.  Other  sections  of  the  system  have  been  partly 
completed  by  the  erection  of  the  embankment  and  the  build- 
ing of  temporary  gravel  drives,  to  be  replaced  later  with 
pavement  or  macadam  surfaces.  These  sections,  offering  as 
they  do,  a  safe  protection  from  high  water,  have  given  rise 
to  the  building  of  countless  homes  upon  ground  which  was 
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formerly  left  alone  because  it  was  low  and  subject  to  over- 
flow. 

The  last  two  sections  of  the  north  drive  are  now  being 
built.  One  begins  at  the  Fairgrounds  bridge  at  Thirty-eighth 
Street  and  runs  southwest  to  Thirtieth  Street.  From  this 
point  to  Northwestern  Avenue,  about  two  miles,  the  drive 
is  complete.  From  Northwestern  Avenue,  west  to  the  Big 
Four  Railroad,  is  a  section  twenty-six  hundred  feet  long  that 
is  being  constructed  under  the  writer's  supervision. 

This  section  is  through  a  part  of  the  city  that  has  never 
been  considered  valuable.  The  ground  for  some  distance 
north  of  the  creek  is  very  low  and  has  been  used  as  a  dump- 
ing ground  for  many  years.  The  embankment  varies  in 
height  from  five  to  sixteen  feet,  and  when  completed  will  be 
from  two  to  four  feet  above  the  high  water  mark  of  the 
1913  flood.  The  embankment  is  eighty-five  feet  wide,  with 
a  slope  of  four  or  five  to  one  on  the  stream  side,  and  natural 
slope  on  the  property  side.  The  four  to  one  slope  is  com- 
posed of  whatever  soil  was  obtainable,  to  provide  for  future 
planting  of  trees  and  shrubbery. 

There  are  two  distinct  steps  in  the  construction  of  the 
embankment.  The  first  step  is  the  formation  of  the  four 
to  one  slope  with  a  top  width  of  about  five  feet,  using  all  the 
soil  that  is  on  the  ground  in  the  lines  of  the  boulevard.  The 
second  step  is  the  gradual  widening  of  the  top  of  the  fill  to 
its  final  width  of  eighty-five  feet,  using  gravel  which  is 
taken  from  the  creek  bed.  The  excavation  of  this  gravel 
thus  straightens  and  deepens  the  channel  of  the  creek.  The 
design  calls  for  a  waterway  of  about  four  thousand  square 
feet  below  the  high  water  mark. 

The  excavation  required  to  widen  and  deepen  the  chan- 
nel is  nearly  two  hundred  thousand  yards,  about  one-half  of 
which  is  used  in  the  embankment,  the  remainder  becoming 
the  property  of  the  contractor  at  a  stipulated  price.  As  it 
is  nearly  all  fine  sand  and  gravel,  it  is  washed  and  prepared 
for  the  local  street  and  building  work. 

Work  was  commenced  in  August,  1913,  and  the  four 
to  one  slope  of  soil  was  completed  by  January  i,  1914.  The 
remainder  of  the  embankment  was  complete  by  May  ist,  and 
since  then  the  entire  output  of  the  excavator  has  gone  into 
the  gravel  plant.  The  excavating  is  done  with  a  Monighan 
drag-line  excavator,  a  large  machme  consisting  of  an  upper 
rotating  part  mounted  on  wheels  which  revolve  on  an  eight- 
.een  foot  circular  track.  The  base  is  twenty- four  feet  square 
and  rests  on  rollers  and  heavy  planks.    The  boom  is  sixty 
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feet  long  and  the  bucket  is  of  the  Page  type  scraper  bucket, 
tvs'o  cubic  yards  capacity.  This  machine  travels  ahead  of 
its  work,  instead  of  behind  it  like  a  steam  shovel  does.  It 
was  erected  at  one  end  of  the  boulevard  and  the  first  thing 
done  was  to  strip  off  all  the  soil  it  could  reach  and  dump  it 
in  the  four  to  one  slope  on  the  stream  side  of  the  embank- 
ment. The  excavation  was  at  the  average  of  four  or  five 
hundred  yards  per  shift.  The  machine  moved  forward 
thirty  to  fifty  yards  per  day,  according  to  the  height  of  the 
fill,  leaving  behind  it  an  irregular  ditch  from  which  the 
earth  was  taken  and  a  regular  pile  of  earth  in  its  final  place. 
Then  the  machine  was  moved  over  to  the  water's  edge  pre- 
paratory to  removing  a  sand  bar.  This  bar  was  about  three 
hundred  feet  across  and  roughly  circular.  The  water  flowed 
around  it,  making  an  island  of  it.  The  machine  was  grad- 
ually worked  down  to  the  water's  edge,  where  it  dug  for 
itself  enough  earth  to  make  a  fill  wide  enough  and  high 
enough  for  it  to  run  upon.  Following  the  machine  came  a 
track  gang,  laying  three  foot  track  along  the  top  of  the  soil 
previously  thrown  up,  and  when  the  excavator  was  in  posi- 
tion to  begin  the  removal  of  the  sand  bar,  two  dinky  loco- 
motives, each  with  six  two-yard  cars  were  used.  The  bucket 
on  the  machine  just  fills  one  car,  and  it  was  found  that  two 
engines  could  keep  the  machine  busy  under  ordinary  condi- 
tions. A  train  of  six  cars  is  filled  in  about  ten  minutes  as 
an  average,  and  in  the  three  or  four  minutes  delay  while  one 
train  gets  away  and  the  other  one  gets  in  place  for  loading, 
the  operator  of  the  machine  must  excavate  and  throw  ahead 
enough  material  that  the  ground  men  can  level  up  and  lay 
their  planking  ready  for  the  next  forward  move  of  the  ma- 
chine. It  is  necessary  to  plan  ahead  in  using  these  excavat- 
C'rs,  for  they  cannot  turn  in  a  small  space,  and  considerable 
difficulty  was  experienced  in  working  out  the  manner  of  the 
cuts  back  and  forth  of  this  sand  bar.  One  great  advantage 
0^  this  machine  is  its  ability  to  make  its  own  fill,  hence  it  can 
go  almost  any  place.  On  this  job  it  has  filled  its  way  across 
the  creek  four  times,  two  times  when  the  entire  creek  was 
dammed  up,  and  it  was  necessary  to  move  about  thirty  feet 
and  then  reach  out  behind  and  remove  the  fill  to  let  the  water 
through,  using  the  material  thus  removed  to  lengthen  the  fill 
ahead. 

While  removing  this  sand  bar,  the  dump  track  was  about 
eighteen  hundred  feet  long,  and  was  continuous  except  for 
one  switch.  The  track  ran  along  the  top  of  the  embankment 
^nd  had  a  switch  located  so  there  would  be  a  two  per  cent. 
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grade  down  to  the  level  of  the  ground  at  the  machine.  This 
machine  was  then  at  the  extreme  end  of  the  work,  and  as 
the  work  progressed  it  was  necessary  to  take  up  track,  finally 
when  the  bar  was  entirely  removed  the  excavator  moved 
along  the  bank  of  the  creek,  cleaning  up  behind  itself  and 
leaving  a  comparatively  smooth  bank  which  required  only  a 
little  hand  trimming. 

At  one  point  in  the  work  was  the  double  outlet  of  two 
concrete  storm  sewers.  This  was  an  unsightly  structure. 
On  account  of  the  low  grade  of  the  sewers  and  the  surround- 
ing territory,  the  flow  lines  were  only  a  foot  or  so  above  low 
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water,  and  the  tops  projected  out  of  ground  nearly  ten  feet. 
It  was  decided  to  submerge  the  outlets  of  these  sewers  and 
the  excavator  was  used  to  remove  about  fifty  feet  of  the 
concrete.  The  scraper  bucket  was  taken  off  and  a  fifteen 
hundred  pound  drop  hammer  put  on  to  break  up  the  con- 
crete. The  immense  power  of  the  engines  was  very  useful 
in  handling  the  broken  concrete.  After  the  sewers  were 
demolished,  the  bucket  was  put  back,  the  machine  reached 
out  behind  itself,  dug  enough  dirt  to  fill  in  the  holes  where 
the  sewers  had  been,  and  passed  on. 

From  this  point  for  the  remaining  twelve  or  fifteen  hun- 
dred feet,  the  boulevard  was  from  one  to  three  hundred  feet 
from  the  bed  of  the  stream,  and  all  the  intervening  material 
was  to  be  removed,  in  order  to  widen  the  creek.  It  was 
deemed  advisable  to  also  clean  up  the  part  of  the  channel 
where  the  water  was  running,  at  an  average  depth  of  about 
three  feet.  The  width  of  the  water  was  about  one  hundred 
feet,  so  it  was  necessary  to  work  the  machine  out  into  the 
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creek  forty  feet,  so  the  bucket  could  reach  to  the  further 
side  of  the  stream.     The  dump  track  was  relaid  and  the 
switch  placed  at  the  east  end  on  top,  from  which  the  track 
ran  west  down  a  one  and  one-half  per  cent,  grade  for  eight 
hundred  feet,  where  another  switch  was  placed,  the  track 
again  running  east  to  the  machine,  which  was  about  two  feet 
above  the  water  level.    The  track  was  floated,  that  is,  tem- 
porary, and  moved  daily,  to  keep  it  always  the  proper  dis- 
tance from  the  machine,  which  was  steadily  moving  up- 
stream, making  its  own  fill  and  cleaning  up  the  channel  to 
the  side  and  rear  for  a  total  width  of  about  one  hundred 
feet.    After  moving  forward  about  eight  hundred  feet,  it 
was  again  necessary  to  cross  the  creek  to  clean  out  a  sand 
bar,  after  which  the  machine  came  back  on  a  second  cut 
through.    A  third  cut  will  be  required  to  finish  the  work. 

The  operation  of  the  work  is  carried  on  by  three  dis- 
tinct gangs — the  machine  men,  dinky  men,  and  dump  gang. 
The  machine  is  operated  by  one  engineer  and  a  fireman,  with 
two  ground  men.  There  are  two  men  used  at  the  point 
where  cars  are  loaded  to  clean  up  the  gravel  that  spills  out 
of  the  bucket.  There  are  two  dinkies  with  an  engineer  and 
brakeman,  and  six  men  as  a  rule  in  the  dump  gang.  In 
addition  there  are  two  men  who  are  kept  busy  on  track 
work,  repairing,  tamping,  straightening,  etc.,  two  teams 
hauling  coal  and  supplies,  a  blacksmith  and  helper  repair- 
ing cars,  the  breakage  of  which  is  very  great,  a  foreman  and 
a  timekeeper  are  always  on  the  work.  Since  the  embank- 
ment was  completed  and  the  surplus  gravel  has  become  the 
property  of  the  contractor,  there  have  been  about  six  men 
employed  on  the  gravel  plant.  All  the  foregoing  work  was 
carried  on  day  and  night  until  January  i,  1915,  when  the 
extreme  cold  weather  caused  so  much  delay  that  it  was 
deemed  advisable  to  shut  down  for  a  short  time. 

The  contract  is  one  that  will  result  in  unusual  economy 
to  the  Park  Board,  as  the  contractor  is  required  to  furnish 
all  material  and  labor  and  the  necessary  machinery,  and  is 
paid  the  actual  cost  plus  a  percentage  with  a  fixed  limit  as 
to  the  unit  cost.  All  surplus  gravel  is  paid  for  by  him,  and 
this  one  item  will  repay  the  Park  Board  nearly  one-third  of 
the  contract  amount. 
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NOTES  ON  THE  CONSTRUCTION  OF  A  48.INCH  RE- 
INFORCED  CONCRETE  SEWER 

By  Albert  A.  Chenoweth,  C.  E.,  '15 
Jr.  W.  S.  E. 

The  city  of  Muskogee,  Oklahoma,  had  at  the  time  of 
the  construction  of  its  main  outfall  sewer  a  population  of 
about  30,000.  The  town  is  so  situated  that  the  drainage 
is  easily  accomplished.  About  three- fourths  of  the  area  within 
the  city  limits  slopes  directly  south  towards  Goody's  Creek, 
the  remainder  falling  off  toward  the  northeast.  Goody's 
Greek,  a  small  stream  having  its  source  in  the  southwest 
part  of  the  town  was  being  used  to  provide  a  means  of 
sewage  disposal.  As  the  population  was  rapidly  increasing 
the  need  of  an  outfall  sewer  was  recognized,  one  that  would 
carry  the  sewage  entirely  away  from  the  city,  at  least  as 
far  as  the  Arkansas  River,  a  distance  of  seven  miles.  Mr. 
Alexander  Potter,  of  New  York,  who  was  retained  as  engi- 
neer finished  the  plans  in  May,  191 1,  at  which  time  the  con- 
tract was  let,  for  10.63  niiles  of  sewer,  varying  from  48" 
to  18"  in  diameter,  the  pipes  to  be  of  concrete  and  vitrified 
tile. 

The  job  was  well  under  way  by  the  first  of  June.  The 
writer  was  employed  as  resident  engineer  on  the  four  sec- 
tions to  be  built  of  48"  reinforced  concrete  pipe,  a  total 
length  of  20,700  feet.  The  making  of  such  an  amount  of 
reinforced  concrete  pipe  at  an  average  distance  of  six  miles 
from  a  railroad  involved  transportation  questions  of  some 
magnitude.  Other  branches  of  municipal  and  private  con- 
struction commanded  all  available  teams,  since  the  larger 
amount  of  such  work  was  in  the  city  itself.  To  offset  this 
the  contractor  decided  to  use  a  steam  tractor,  which  could 
easily  haul  six  3-yard  cars.  This  train  made  three  6-mile- 
average  trips  in  an  eight  hour  day,  a  total  of  36  miles  over 
ungraded  earth  roads.  Usually  cement,  sand  and  gravel 
were  hauled  in  about  the  proportions  to  be  used  each  day, 
thus  enabling  the  contractor  to  keep  his  pipe  making  gang 
at  work  steadily.  The  cement  was  tested  by  the  city  chemist 
according  to  standard  specifications,  he  reporting  the  re- 
sult of  the  seven  day  test  to  the  contractor,  the  engineer 
and  the  Gity  Engineer's  office  simultaneously.     The  forms 
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used  were  patented,  their  cost  being  payment  of  a  royalty 
of  $1.20  per  lineal  foot  of  finished  work.  Only  150'  were 
available,  necessitating  a  careful  watch  that  the  contractor, 
in  his  zeal  to  push  the  work  ahead,  should  not  remove  the 
forms  too  soon,  thus  risking  the  safety  of  the  pipe.  Under 
the  warm  southern  sun,  the  minimum  time  of  removal  was 
five  hours,  allowing  the  pouring  of  about  270'  of  pipe  each 
eight  hour  day.  A  i  :6  mixture  was  used,  always  made  very 
wet,  so  that  it  could  be  churned,  well,  thus  giving  against  the 
oiled  steel  forms  a  very  smooth  finish.  The  oil  used  per- 
mitted of  easy  and  safe  removal  of  the  forms.  The  rein- 
forcement used  was  a  standard  mesh,  J4"  circumferential 
bars,  tied  together  at  3''  intervals  with  No.  14  wire.  A  great 
deal  of  trouble  was  experienced  in  making  the  laborers  keep 
the  reinforcement  in  place,  but  after  some  time  a  few  men 
learned  to  do  it  very  well.  In  freezing  weather  the  dan- 
ger of  frosted  concrete  arose.  To  obviate  this  a  crude  oil 
lamp  was  kept  burning  in  each  pipe  for  30  hours  after  pour- 
ing, and  in  addition  large  brush  fires  were  kept  burning 
throughout  the  pipe  yard.  The  water  used  in  mixing  was 
also  heated,  but  in  spite  of  these  precautions  some  of  the 
pipes  showed  marks  of  frost.  Those  so  marked  were  found 
to  be  fairly  sound  when  examined  the  next  spring  after  a 
winter  above  ground.  The  pipe  making  by  great  effort  was 
kept  ahead  of  the  trenching,  which  on  account  of  the  soil 
encountered  was  not  done  very  rapidly. 

The  heavier  work  of  trench  excavation  was  done  by  a 
Marion  shovel,  mounted  on  four  trussed  beams,  which  were 
carried  on  rollers  on  either  bank  of  the  trench.  It  was  pos- 
sible to  dig  a  maximum  of  17'  with  this  machine,  and  in 
case  slightly  greater  depth  was  required  the  remainder  was 
thrown  ahead  with  hand  shovels  into  the  face  of  the  cut- 
ting. Excessive  vibration  under  the  action  of  the  shovel 
loosened  the  earth  of  the  trench  walls  and  necessitated  care- 
ful bracing  in  material  that  would  probably  otherwise  have 
required  none.  The  work  under  the  shovel  was  braced  as 
shown  in  Fig.  2.  Quite  the  largest  amount  of  the  sewer  lay 
at  a  less  depth  than  the  most  economical  working  depth  for 
the  shovel,  so  a  Municipal  Excavator  was  used  in  addition. 
This  machine  cut  a  regular,  smooth-sided  trench,  66"  wide. 
Its  most  economical  depth  was  9'  while  the  shovel  did  best 
in  a  15'  trench.  The  trench  dug  by  the  excavator  in  general 
required  but  very  little  bracing;  the  pipe  laying  also  fol- 
lowed closely,  the  bottom  of  the  ditch  being  well  graded  by 
the  machine. 
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The  greatest  difficulty  found  in  laying  the  pipe  was  in 
trying  to  get  a  reasonably  smooth  joint.  After  a  few  hun- 
dred feet  had  been  laboriously  tamped  into  a  firm  bearing, 
the  suggestion  of  a  2"x  12"  plank  to  be  laid  continuously 
in  the  bottom  of  the  trench  on  the  centre-line  was  eagerly 
adopted  and  worked  wonders  in  saving  labor  and  securing 
better  joints.  The  trench  in  all  cases  was  excavated  to  a 
square  bottom.  This  made  necessary  very  careful  watch- 
ing to  prevent  a  chance  of  the  failure  of  the  pipe  to  carry 
its  load  of  back-filled  earth,  through  a  lack  of  solid  sup- 
port in  its  lower  half.  The  sewer  was  laid  on  a  grillage  of 
specially  shaped  heavy  timbers  in  soft  wet  ground  or  in  cuts 
of  less  than  four  feet,  the  amount  of  the  latter  being  some 
400'.  It  was  in  the  shallow  trench  that  the  men  worked  up 
their  greatest  speed;  416'  being  by  long  odds  the  best  eight 
hours*  work. 

Wages  paid  were  as  high  and  in  certain  cases  higher 
than  in  the  city,  both  to  the  laborers  and  foremen,  yet  the 
job  was  nearly  always  short-handed,  and  a  change  of  fore- 
man for  a  gang  was  as  likely  to  come  each  month  as  not. 
Under  such  conditions  the  work  slowly  forged  ahead,  reach- 
ing completion  before  a  year  had  passed. 
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ROPE  TRANSMISSION 

By  E.  M.  Carver,  M,  E.,  '09 

The  following  brief  discussion  of  rope  transmission  is 
no  way  intended  to  be  an  exhaustive  or  adequate  treatise 
on  this  very  interesting  subject,  yet  many  engineers  well 
versed  in  other  types  of  drives  have  a  signally  limited  amount 
of  information  concerning  the  extension  and  scope  of  rope 
driving.  The  writer  has  thought  that  the  description  of  a 
few  typical  drives  would  prove  of  interest  and  possibly  give 
the  uninitiated  an  insight  into  the  almost  universal  manner 
in  which  this  very  flexible  type  of  transmission  is  applicable, 
not  pnly  to  the  conditions  of  perfect  simplicity,  but  also  to 
the  requirements  of  the  most  intricate  and  complicated 
character. 

The  introduction  of  ropes  for  the  mechanical  transmis- 
sion of  power  is  commonly  accredited  to  C.  F.  Hirn,  of 
Logleback  on  the  Rhine,  who  in  1852  conceived  the  idea 
that  by  converting  power  into  the  highest  practicable  velocity 
of  the  transmitting  organ,  the  size  and  weight  of  that  organ 
might  be  reduced  to  minimum  dimensions,  and  its  length 
therefore  extended  indefinitely,  its  velocity  being  reconverted 
into  power  at  the  operative  point. 

The  adaptability  of  ropes  to  do  the  work  of  belts,  with- 
out the  limitations  of  the  latter,  was  soon  recognized  and  in 
England  they  immediately  began  to  be  applied  for  main 
drives  as  substitutes  for  very  heavy,  long,  and  expensive 
belts.  By  the  multiplication  of  single  rope  belts  running 
in  grooved  wheels,  larger  powers  may  be  delivered,  but  the 
aggregation  of  single  ropes  carries  limitations  which  con- 
fine its  usefulness  to  comparatively  narrow  bounds.  It  is 
impossible  to  secure  uniform  length  for  several  independent 
ropes  since  the  stretch  cannot  be  controlled  and  it  is  imprac- 
ticable to  apply  tension  devices  separately  to  a  number  of 
ropes  running  so  close  together.  Hence  to  obtain  adhesion 
to  the  wheels  and  thereby  secure  tractive  force  it  becomes 
necessary  to  use  large  heavy  ropes  in  pinch  grooves  which 
must  be  deep  and  spaced  far  apart  to  prevent  the  ropes  from 
jumping  and  fouling  each  other. 

The  principal  advantage  of  the  English  system  is  that 
although  one  or  two  of  the  ropes  may  break  it  does  not 
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materially  affect  the  drive,  yet  when  these  loops  are  re- 
placed, the  new  rope  rides  higher  in  the  pinch  groove,  since 
the  old  ropes  having  been  under  working  strain  are  worn 
and  have  been  stretched  to  a  smaller  diameter.  In  drives 
where  the  sheaves  are  of  unequal  diameter  this  condition 
causes  a  differential  of  pitch  diameters  which  is  certain  to 
cause  a  change  of  speed  and  slippage  in  the  grooves.  There- 
fore, for  the  successful  installation  of  an  English  drive  it 
is  essential  that  the  driving  and  driven  shafts  shall  both  be 
horizontal,  not  far  from  the  same  level,  and  at  a  considera- 
ble distance  apart.  Under  these  favorable  conditions  the 
English  system  is  efficient  and  economical,  but  its  applica- 
tion is  limited  for  obvious  reasons. 

This  in  brief  was  the  condition  of  power  transmission 
by  ropes  in  1883,  when  Wallace  H.  Dodge,  founder  of  the 
Dodge  Manufacturing  Company,  proposed  to  employ  a  sin- 
gle endless  rope  in  multiple  wraps,  and  to  apply  thereto  a 
proper  tension  device ;  and  thus  at  one  stroke  overcome  the 
former  limitations  and  make  the  rope  drive  universally  ap- 
plicable for  all  transmission  purposes,  regardless  of  distance 
and  direction.  This  later  type  of  drive  is  called  the  Ameri- 
can system,  one  continuous  endless  rope  is  used,  winding 
around  the  sheaves  successively  in  the  several  grooves,  mak- 
ing as  many  complete  wraps  as  may  be  required  by  the  power 
transmitted.  From  the  last  groove  on  the  driving  sheave 
the  rope  passes  over  single-groove  tension  and  winder  idlers 
which  combine  to  give  the  rope  fair  lead  to  the  first  groove 
of  the  driven  and  also  to  control  and  regulate  the  tension 
in  the  ropes  throughout  the  drive.  The  weighted  tension 
carriage  can  be  made  to  give  just  the  right  amount  of  ten- 
sion which  may  be  required  to  accommodate  changing  con- 
ditions by  manipulation  of  the  weights  used. 

Thus  rope  driving  passed  through  its  experimental 
stage  and  in  1885  when  the  American  system  was  patented, 
drives  of  this  type  soon  made  their  appearance,  as  in  its 
new  perfected  form,  all  haphazard  elements  had  been  elimi- 
nated and  it  was  possible  to  intelligently  design  a  drive  suit- 
able for  the  work  it  had  to  do. 

Designers  of  rope  drives  early  discovered  that  it  was 
absolutely  necessary  to  give  especial  attention  to  sheaves  in 
regard  to  diameters,  groove  forms,  accuracy,  balance  and 
true  running. 

Rope  wear  is  greatly  increased  by  the  use  of  small 
sheaves.     The  frequent  bending  and  then  straightening  of 
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the  rope,  in  running  onto  the  sheaves  and  off  again,  is  a 
continuous  performance,  and  excessive  degrees  of  such 
bending  must  be  avoided  if  the  rope  is  to  have  a  fair  length 
of  life.  The  wear  of  the  rope  is  both  internal  and  external. 
The  internal  is  caused  by  the  sliding  movement  of  the  fibres 
on  each  other  while  bending  around  the  sheaves,  the  ex- 
ternal by  the  slippage  in  the  grooves  of  the  sheaves.  This 
wearing  is  assumed  to  be  directly  proportional  to  the  speed. 
Moderate  bending  is  not  particularly  injurious,  but  beyond 
certain  limits  the  action  grows  rapidly  worse.  Experience 
has  proven  that  good  Manila  transmission  rope  may  be  satis- 
factorily worked  on  sheaves  with  diameters  as  small  as  40 
times  the  rope  diameter,  but  the  durability  of  the  rope  will 
be  increased  if  50  or  60  diameter  sheaves  are  used. 

The  60  degree  groove  is  used  for  the  driving  and  driven 
sheaves  in  the  American  system  and  while  being  efficient  in 
operation,  it  gives  at  the  same  time  a  minimum  of  rim  width 
and  thickness  which  means  economy  of  space  and  provides 
a  light  and  inexpensive  sheave.  Idler  sheaves  have  U 
grooves  if  the  ropes  have  sufficient  arc  of  contact  to  insure 
no  slippage.  In  the  U  groove  the  bottom  radius  is  made  the 
same  as  the  rope  itself,;  thi?  holds  the  rope  central  and  allows 
the  rope  to  enter  and  leave  the  sheave  free  and  clear,  without 
chafing. 

Especial  attention  in  regard  to  accuracy  and  uniformity 
of  all  grooves  is  absolutely  essential  to  perfect  success.  The 
pitch  diameter  must  be  exactly  the  same  for  each  groove 
as  the  slightest  differential  will  produce  variation  in  the  rope 
speed  and  cause  change  of  tension  or  slippage  which  will 
immediately  be  reflected  in  the  operation  of  the  drive  and 
produce  undue  wear  on  the  rope. 

The  breaking  strain  of  first-class  Manila  transmission 
rope  may  be  taken  as  9000  x  dia.^  and  for  continuous  service, 
practice  has  shown  that  to  give  long  life  it  is  not  advisable 
to  work  the  rope  with  a  tension  of  over  V^^  or  2%  of  the 

breaking  strain,  therefore,  9000    ,.    ^  ^     ,.    ^     ,  .  ,    . 

2 <jia.2  —  igo  dia.2  which  is 

50 

the  maximum  allowable  working  tension. 

There  is  quite  a  difference  of  opinion  among  experts  as 
to  the  proper  method  of  figuring  the  H.  P.  of  ropes.  The 
differences  arise  over  the  question  of  centrifugal  force  and 
what  has  been  termed  "adhesive  tension."  The  following 
formula  has  been  used  by  the  Dodge  Manufacturing  Com- 
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pany  for  several  years  and  experience  has  proven  it  to  be 
entirely  satisfactory  for  the  American  system: 


H.P.=<T 


Wv^) 


V 


Rg         33000 

T  =  Working  Tension  or  2%  of  Ultimate 

Strength. 
W  =  Weight  of  rope  per  ft.  =  .34  D- 
D  =  Dia.  of  rope  in  inches. 
R  =  Radius  of  sheave  in  feet, 
g  =  32.2 

v  =  Velocity  in  feet  per  second. 
V  =  Velocity  in  feet  per  minute. 
9000  dia.2  =  Ultimate  Strength. 

The  following  table  is  based  upon  the  above  formula 
all  sheave  diameters  being  40  diameters  of  the  rope. 


i- 

Horse  Power  of  One  Rope  at  Different  Speeds  on  Sheaves  of 

«F 

i2> 

M  a, 

30 

Minimum  Advisable  Diameters 

Is 

500 
1.5 

1000 

1500 

2000 

2500  3000 

3500 

4000 

4500 

5000 

5500 

6000 

% 

3.0 

4.5 

5.8 

7.1    8.1 

9.0 

9.7 

10.2 

10.4 

10.3 

9.8 

% 

35 

2.1 

4.1 

6.1 

8.0 

9.7  11.3 

12.6 

13.7 

14.5 

15.1 

15.2 

15.0 

1 

40 

2.7 

5.4 

8.0 

10.5 

12.8  14.9 

16.8 

18.4 

19.7 

20.6 

21.1 

21.2 

1% 

45 

3.4 

6.8 

10.2 

13.3 

16.3 1 19.1 

21.6 

23.8 

25.6 

27.0 

28.0 

28.5 

1V4. 

50 

4.3 

8.5 

12.6 

16.5 

20.3  23.8 

27.0 

29.8 

32.3 

34.3 

35.8 

36.8 

1% 

55 

5.2 

10.2 

15.2 

20.0 

24.6  29.0 

33.0 

36.6 

39.7 

42.4 

44.6 

46.1 

IV, 

60 

6.1 

12.2 

18.1 

23.9 

29.4  34.6 

39.5 

43.9 

47.9 

51.3 

.54.1 

56.2 

1% 

65 

7.2 

14.3 

21.3 

28.1 

34.7  40.9 

46.7 

52.1 

56.9 

61.1 

64.7 

67.6 

1% 

70 

8.3 

16.6 

24.7 

32.7 

40.3  47.6 

54.5 

60.8 

66.7 

71.9 

76.4 

80.1 

2 

80 

10.9 

21.7 

32.4 

42.8 

52.9  62.6 

71.8 

80.4 

88.5 

95.7 

102.2 

107.8 
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Straight  open  drives  of  simple  design  are  admirably 
illustrated  in  Figs,  i,  2,  3,  4  and  5.  Fig.  i  shows  a  1000  H.  P. 
motor  drive  at  the  Niagara  Falls  Hyd.  P.  &  M.  Company, 
Niagara,  Falls,  N.  Y. 


Fls.  1. 


Figs.  2  and  3  show  two  1500  H.  P.  drives  from  a  3000 
H.  P.  engine  at  the  Barrett  Manufacturing  Company,  Peoria, 
Illinois,  each  of  these  drives  having  25  wraps  of  2-inch  rope. 


Fig.   % 

3000  H.  P.  Engine  Showing  one  of  two  1.500  H.  P.  Rope  Drives. 
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Plan  and  Elevation  of  Above  Drives. 


An  extremely  compact  drive  at  the  Diamond  Rubber 
Company's  plant,  Akron,  Ohio,  is  shown  in  Fig.  4.  Note 
the  arrangement  of  the  tension  carriage,  it  being  placed  in 
the  basement. 


DRIVEN^ 

3S*4  D/AM.- 
33  GROOVES^  O 
2S7  R.P.M. 


DRIVER^ 


FIs.  4. 

An  Extremely  Compact  Drive. 


Digitized  by 


Google 


Rope  Transmission — Carver 


73 


The  Mechanical  Rubber  Company  of  Cleveland,  Ohio, 
also  have  a  drive  (Fig.  5)  which  illustrates  the  short  center 
proposition  and  shows  how  the  tension  equipment  may  be 
located  at  any  convenient  point. 


FIs.  6. 

Mechanical  Rubber  Co.,  Cleveland,  O. 


For  the  heavy  drives  it  is  often  desirable  to  mount  either 
the  driving  or  receiving  sheave  on  a  clutch  quill  (Fig.  6). 
When  the  clutch  is  out  the  quill  rests  motionless  in  its  own 
bearings,  and  thus  all  transmission  losses  are  eliminated. 
This  arrangement  makes  a  very  flexible  drive  and  as  the 
quill  takes  care  of  the  bending  stresses  due  to  the  tension 
in  the  ropes  and  the  weight  of  the  sheave,  the  shaft  need 
not  be  in  excess  of  that  required  to  transmit  the  power. 
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Fis.  6. 

A   Typical   Quill   Unit  for  a   Rope   Drive. 

Connecting  shafts  need  not  be  parallel  as  by  altering 
the  form  of  grooves  and  introducing  idlers,  it  is  possible  to 
accommodate  any  angle  or  difference  in  elevation  that  may 
be  encountered  (Figs.  7  and  8). 


FlK.  7. 

Connecting  Two  Main  Lines  at  Right  Angles. 
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FIff.  8. 

Connecting   Two  Line   Shafts    not   quite   Parallel. 


Transmission  of  power  to  detached  buildings  or  isolated 
shafts  may  readily  be  accomplished  as  shown  in  Fi^s.  o 
and  10.  ^ 


Flgr.  9. 
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Fl«.    11 

Reverse  Drive  for  Elevator  Counter  Shaft 
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Reversal  of  motion  is  taken  care  of  by  either  crossed 
ropes  or  by  the  use  of  reversing  idlers.  Figs,  ii,  12  and  13 
show  typical  illustrations. 


Drop-off  drives  from  a  main  or  driving  shaft  to  receiv- 
ing shafts  on  the  several  floors  of  a  building  are  shown  in 
Fig.  14.  These  drives  are  made  extremely  flexible  by  the 
use  of  clutches  on  each  shaft. 


Fiff.  13 

Simple  and  Compact  Arrangement  of  a  Drive 
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Fig.  15  illustrates  another  drop-off  drive  in  the  Arnold 
Print  Works,  North  Adams,  Mass. ;  here  20  lines  are  driven 
from  the  main  driving  shaft,  in  relays  of  10  ropes  each. 
From  the  20  Gr.  main  driver  400  H.  P.  is  transmitted,  drop- 


FlK.  14. 

Typical   Drop-off  Drive. 


ping  off  one  wrap  at  each  of  the  first  nine  shafts;  11  wraps 
drive  the  tenth  shaft,  which  is  the  relay  point  for  the  second 
drive  of  10  wraps  or  200  H.  P.  from  here  the  drop-off  con- 
tinues to  the  last  shaft  which  has  only  one  rope. 


-^^^^ 
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FlK.  15. 

Each  Shaft   Driven   Directly   from   the   Main   or   Relay  Line. 
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ONE  PROBLEM  IN  THE  SOOTT-OONNEOTION  OF 
TBANSFOBMEBS 

By  E.  A.  Bureau,  E.  E.,  '15 

(Note: — ^This  article  is  based  on  a  thesis  prepared  by  B. 
N.  Das  Gupta,  '14,  and  the  author,  with  the  assistance  and 
guidance  of  Professor  Rowell  of  the  School  of  Electrical 
Engineering.) 

When  it  is  desired  to  obtain  two  phase  power  from  a 
three  phase  source,  it  is  customary  to  use  the  Scott  scheme 
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•-     440  V. 
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n^  I ,       Cfiffffec//6rr^   of  2,<S' KkV.   Tra/7ifor/77er*>. 

of  connecting  the  transformers.  Two  transformers  are 
used,  one  having  an  86.6%  tap  and  the  other  a  50%  tap,  the 
connections  being  made  as  shown  in  Fig.  i.  Fig.  2  shows 
the  vector  relation  of  the  supply  voltage  as  applied  to  the 
transformer  primaries,  the  dotted  lines  indicating  the  pri- 
maries. The  vector  relation  of  the  secondary  voltages  are 
shown  in  Fig.  3. 

Theoretically,  the  voltage  relations  shown  are  correct 
and  proper,  and  produce  the  desired  result.  Practically,  the 
scheme  does  not  always  work  so  well  under  load  conditions. 
A  transformer  bank,  which  is  at  this  time  still  in  use  in  the 
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Purdue  Electrical  Engineering  Laboratory,  demonstrates 
very  well  this  failure  to  fulfill  theoretical  expectations.  This 
bank  consists  of  two  2.5  Kw.  transformers,  2200,  1900-440 
volts,  Scott-connected.  It  has  for  its  load  a  motor  generator 
set  consisting  of  a  5  hp.,  5.5  ampere,  Bullock  two  phase 
motor,  direct  connected  to  a  Bullock  d.c.  generator.  This 
combination  has  never  been  satisfactory  because  of  the  bad 
unbalancing  of  voltages  in  the  two  secondary  phases.  Tests 
at  different  loads  brought  out  the  characteristics  shown  in 
Fig.  4.  (In  referring  to  Phase  i  and  Phase  2,  the  same 
notation  will  be  used  as  is  designated  in  Fig.  i.)  The  volt- 
age in  Phase  2  holds  up  very  well,  which  makes  the  resultant 
regulation  comparatively  small.  However,  in  Phase  i  there 
is  very  bad  regulation,  even  with  that  phase  taking  only 
60%  as  much  current  as  Phase  2. 


.<i> 
\ 


Phase  i 


FU.  8 


Poor  regulation  of  a  transformer  means  essentially  a 
large  drop  of  voltage  in'  the  transformer,  which  means  vol- 
tage loss  in  its  impedance.  This  impedance  drop  can  be 
resolved  into  two  components :  one,  an  IR  drop  in  the  coil, 
in  phase  with  I ;  and  the  other,  the  reactive  drop  at  right 
angles  to  I.  This  reactive  drop  consists  of  a  counter  e.  m.  f . 
set  up  by  the  leakage  flux  of  the  transformer  coils — the 
flux  of  each  coil  which  does  not  link  any  other.  As  a  test  of 
the  above  statements,  regular  impedance  measurements  were 
made  on  the  two  phases.  As  the  secondaries  were  short 
circuited  in  turn,  voltage  was  applied  to  the  primary  side, 
At  about  60%  full  load  current  an  impedance  drop  of  60 
volts  was  measured  on  Phase  2.  On  Phase  i,  for  the  same 
current,  the  impedance  drop  across  the  whole  phase  (points 
I,  2  to  3)  was  found  to  be  220  volts.  Only  38  volts  of  this 
drop  was  in  the  part  3-x.  The  large  balance  of  about  180 
volts  was  therefore  practically  all  leakage  reactance  drop, 
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since  only  about  6  volts  represented  the  equivalent  IR  drop 
of  the  transformer  as  tested. 

When  a  current  is  sent  through  a  coil,  a  magnetic  field 
is  set  up ;  and,  when  this  coil  surrounds  one  leg  of  a  closed 
magnetic  circuit,  most  of  the  lines  of  force  are  concentrated 
in  the  iron.  However,  there  is  some  of  the  flux  which  takes 
a  part  iron,  part  air  path.  This  is  known  as  leakage  flux, 
since  it  "leaks"  out  of  the  iron  path.  If  a  second  coil  is 
placed  on  the  iron  core,  the  whole  constitutes  a  transformer. 
The  coil  upon  which  the  voltage  is  applied,  is  called  the 
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primary ;  and  the  other,  the  secondary.  When  an  alternat- 
ing current  is  sent  through  the  primary,  an  electromotive 
force  is  generated  in  the  secondary;  and  this  e.m.f.  applied 
to  a  load,  forces  through  the  secondary  a  current  which, 
according  to  Lenz's  law,  sets  up  a  counter  m.m.f.  and  thus 
opposes  the  flow  of  flux  due  to  the  primary.  This  counter 
m.m.f.,  which  is  proportional  to  the  load,  produces  addi- 
tional leakage  of  flux  from  the  primary  coil  by  forcing  out, 
into  the  air  around  the  secondary,  part  of  the  flux  that  has 
threaded  the  iron  through  the  primary.  If  it  were  possible 
to  wind  the  two  coils  so  that  they  would  occupy  the  same 
space,  their  values  of  m.m.f.  would  be  coincident  through- 
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out  but  opposite,  giving,  as  a  result,  no  net  leakage.  Thus 
the  leakage  reactance  becomes  a  measure  of  the  magnetic 
separation  of  the  coils,  for  the  resultant  leakage  flux  is  de- 
pendent upon  the  distance  between  the  coils.  To  illustrate 
the  above  statements,  tests  were  made  on  three  different 
styles  of  transformers  in  order  to  determine  the  relation 
between  the  magnetic  separation  of  two  coils  and  the  amount 
of  leakage  flux.  These  transformers  were :  a  Moloney  core- 
t)rpe  transformer  with  four  coils,  two  on  each  leg ;  a  Wood 
shell-type  transformer  with  sandwiched  coils;  and  a  spe- 
cial design  Duncan  core-type  transformer  with  four  con- 
centric coils,  each  of  which  were  equally  distributed  about 
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the  two  legs  of  the  transformer.  With  the  Moloney  trans- 
former it  was  found  that  between  coils  on  the  same  leg, 
with  full  load  current  in  the  coils,  the  leakage  reactance 
voltage  was  comparatively  small,  being  only  2%  or  3%  of 
rated  voltage,  but  that  between  coils  on  different  legs  this 
value  increased  to  nearly  20%.  In  the  Wood  transformer 
a  like  relation  was  found:  the  farther  apart  the  coils,  the 
greater  the  per  cent,  of  leakage  reactance.  The  leakage 
reactance  between  any  two  coils  did  not  exceed  5.8%,  and 
was  as  low  as  0.8%  for  coils  close  together.  On  the  Duncan 
transformer  equally  good  results  were  obtained.  In  this 
case  the  reactance  drops  varied  between  0.4%  and  2%,  be- 
ing directly  proportional  to  the  amount  of  magnetic  sepa- 
ration of  each  pair  of  coils  tested. 

Considering  again  the  results  of  the  tests  on  the  2.5 
Kw.  transformer  of  Phase  i,  with  the  primary  coils  con- 
nected as  in  normal  single  phase  operation,  the  impedance 
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drop  is  only  5%  of  the  rated  voltage,  while  with  the  Scott 
connection  the  impedance  drop  is  nearly  25%  of  the  rated 
voltage.  In  view  of  what  has  been  said  in  the  preceding 
paragraphs  this  difference  of  impedance  drop  is  now  eas- 
ily explained.  In  normal  single  phase  operation  the  two 
parts  of  the  primary  are  acting  in  such  a  way  that  the  m.m. 
fs.  generated  by  each  part  go  through  the  iron  circuit  in  the 
same  direction.  At  the  same  time  the  secondaries  are  placed 
comparatively  close  to  the  primary  coils,  thus  insuring  a 
fairly  close  magnetic  relation  between  the  interacting  coils. 
In  the  Scott-connection  impedance  test  the  two  primary 
coils  are  energized  in  such  a  way  that  the  m.m.fs.  of  the 
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two  primaries  buck  each  other.  Therefore  no  e.m.f  is  gen- 
crated  in  the  secondaries  because  no  flux  passes  through 
the  iron  circuit.  However,  this  does  not  prevent  a  large 
quantit}'  of  flux  from  passing  through  the  air  (Fig.  5)  and 
thus  causing  a  high  reactance  voltage  drop.  In  the  actual 
operation  of  Phase  i  of  a  Scott  connection  the  two  parts  of 
the  primary  are  energized,  not  by  currents  of  the  same  phase 
relation,  but  by  currents  of  120  degrees  separation.  The 
result  is  an  m.m.f.  vector  relation  in  the  iron  circuit,  as 
shown  in  Fig.  6.  The  vectors  a  and  a'  represent  the  m.m.f. 
setup  by  the  two  primary  coils  respectively;  b,  c  and  b',  c' 
represent  the  corresponding  components.  The  "in  phase" 
components  send  through  the  magnetic  circuit  that  flux 
which  generates  the  secondary  voltage.  Components  b  and 
"» like  the  m.m.fs.  in  the  impedance  test,  buck  each  other, 
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and  are  not  responsible  for  any  secondary  effects,  but  are 
the  cause  of  a  large  amount  of  leakage  flux.  The  net  leak- 
age, thus,  is  practically  all  produced  by  the  components  b 
and  b',  since  the  leakage  reactance  drop,  due  to  components 
c  and  c',  is  not  greater  than  5%  of  the  rated  voltage.  There- 
fore the  natural  conclusion  is  that,  in  order  to  diminish  the 
great  leakage  flux  produced  by  the  m.m.f.  components  b  and 
b',  the  two  interacting  coils,  which  in  this  case  are  the  two 
parts  of  the  primary,  must  be  brought  into  close  magnetic 
relation. 

Since  the  primaries  of  the  shell-type  transformer  with 
sandwiched  coils  have  close  magnetic  relation,  this  trans- 
former is  a  good  one  to  use  in  a  Scott  connection.  Figs.  7 
and  8  show  two  ways  in  which  the  primaries  of  a  core-type 
transformer  may  be  tapped  and  connected  to  give  the  propn 
er  magnetic  proximity  necessary  between  the  two  parts  of 
the  primary  circuit  in  Phase  i  of  a  Scott  connection. 

In  general,  it  may  be  said  that  operating  a  transformer 
under  conditions  which  are  not  normal,  may  give  rise  to  leak- 
age reactances  which  are  far  greater  than  are  popularly  sup- 
posed to  exist.  Therefore,  when  a  transformer  is  expected 
to  be  used  in  special  service,  it  should  be  designed  with  sub- 
divided coils,  so  that  close  magnetic  relation  of  interacting 
coils  may  be  obtained. 
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WINTER  SUBVETINQ  IN  CANADA. 

By  A.  C.  Clarke 

The  systems  of  survey  in  Canada  and  in  the  United 
States  have  many  points  of  similarity.  The  general  layout 
of  lines  with  regard  to  convergence,  spacing,  and  correction 
and  the  astronomical  references  for  these  lines,  resemble 
each  other  closely  in  both  countries.  In  Canada,  however, 
several  unusual  features  are  encountered  in  the  field  work. 
The  writer  feels  that  perhaps  a  general  description  of  the 
surveying  operations  as  carried  on  in  Canada  during  the 
winter  months  will  serve  to  point  out  some  of  these  distinc- 
tive features  and  will  at  the  same  time  furnish  some  idea 
of  the  work  that  is  done  and  the-  manner  of  its  accomplish- 
pient  during  a  season  of  the  year  which  ordinarily  means 
inactivity  to  the  surveyor  in  this  country. 

First,  a  brief  description  of  the  field  organization  of  the 
Canadian  Surveys  Department.     There  are  three  general 
divisions  of  the  field  engineers.    To  take  them  in  the  order 
of  their  work,  we  have  the  "base-line"  men,  the  "sub-divid- 
ers," and  the  "resurvey  and  restoration"  surveyors.     The 
"base-line"  engineers,  as  the  name  implies,  are  responsible 
for  the  "precise"  work  of  the  system  and  it  is  their  especial 
care  to  produce,  with  all  accuracy,  the  reference  meridians 
and  the  connecting  base  lines  which  block  out  the  country ' 
and  to  establish  exact  monuments  for  the  subsequent  work 
of  the  "sub-dividers."    This  second  group  of  engineers  are 
usually  contractors  running  interior  section  lines  on  a  mile- 
age basis  and  tying  in  with  a  moderate  degree  of  accuracy  to 
the  work  of  the  "base-line"  men.    The  third  division  is  made 
up  of  those  engineers  whose  duty  it  is  to  retrace  lost  surveys 
and  restore  old  marks  and  monuments. 

It  is  obvious  that  the  discovery  and  restoration  of  lost 
monuments  would  be  seriously  hampered  by  cold  weather 
and  heavy  snows  and  equally  plain  that  the  efficiency  of  a 
contractor's  party  would  be  materially  reduced  by  the  short 
winter  days  and  the  necessity  for  speed  in  a  snow  covered 
country  and  with  instrument  work  made  difficult  by  a  tem- 
perature of  56°  below  zero.  The  base-line  surveyors,  how- 
ever, have  none  but  their  own  monuments  to  heed  and  care- 
fully precise  work  is,  with  them,  of  far  more  importance 
than  any  mileage  record.    Winter  surveying,  then,  is  con- 
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fined  almost  entirely  to  the  work  of  the  base-line  operators. 

Briefly,  the  system  of  survey  consists  of  a  number  of 
reference  meridians  approximately  190  miles  apart  at  the 
49th  parallel  of  latitude  and  converging  toward  the  Pole. 
The  base  lines  are  of  6-mile  chord  sections,  east  and  west, 
and  are  spaced  24  miles  apart,  numbering  toward  the  north 
from  the  49th  parallel  as  a  first  base.  These  lines  are 
marked  by  iron  posts  and  mounds  and  pits  at  every  J/2-mile 
station  and  it  is  the  duty  of  the  surveyor  to  see  that  a  "sky 
line"  is  cut  through  all  timbered  country  and  that  well-sized 
trees  are  blazed  along  both  sides  of  the  line  at  intervals  of 
not  more  than  50  links.  It  is  still  further  the  duty  of  the 
base-line  engineer  to  conduct  a  rough  topographical  survey 
of  the  country  for  12  miles  on  either  side  of  his  line,  to  con- 
struct a  map  from  the  data  so  obtained,  and  to'  include  in  his 
report  a  description  of  the  soil,  watered  areas,  geology,  tim- 
ber, and  animal  life  within  the  range  of  his  observations. 

The  average  "base-line"  party  consists  of  a  chief  engi- 
neer, two  assistants,  two  chainmen,  a  picket  man  and  five 
axemen  for  the  transit  party,  a  rodman  for  the  level  work, 
some  three  or  four  "pack  horse"  men,  and  a  cook  and  cookee. 
It  is  seldom  that  the  party  numbers  over  twenty  men. 

The  summer  work  differs  but  little  from  the  surveying 
carried  on  along  the  same  lines  in  this  country.  Progress  is 
slow,  seldom  averaging  more  than  four  miles  per  week  of 
actual  line.  The  camp  is  moved  ahead  about  once  a  week, 
each  move  necessitating  the  blazing  and  cutting  of  new  pack 
trails  since  base-line  work  is  always  far  in  advance  of  any 
settlement. 

The  arrival  of  winter,  however,  causes  a  number  of 
changes  both  for  the  camp  and  the  men.  Pack  horses  are 
generally  superseded  during  the  cold  weather  by  sleighs  of 
various  forms  since  open  swamps,  rivers,  and  lakes  can  be 
utilized  as  roads  without  the  necessity  of  cutting  timber.  A 
flat  sleigh,  18"  wide  by  10'  or  12'  long  can  be  drawn  by  one 
horse  and  will  replace  the  work  of  a  dozen  pack  ponies  and 
still  require  less  road  cutting. 

The  men  adopt  a  dress  very  similar  to  that  found  in  the 
lumber  camps  of  the  northern  States — heavy  mocassins, 
mackinaw  sox  and  pants  and  coats,  flannel  shirts,  heavy 
sweaters,  woolen  caps,  and  woolen  mitts  with  a  soft  leather 
covering.  Such  an  outfit  furnishes  ample  warmth  provided 
always  that  proper  drying  by  the  fire  at  night  prevents  the 
donning  of  damp  garments  in  the  morning. 
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Each  tent  is  provided  with  a  wood-burning  camp  stove 
of  the  collapsible  box  type  and  ten  minutes  of  a  good  pine 
fire  will  suffice  to  heat  a  properly  erected  tent  to  a  very  com- 
fortable degree.  A  ten  ounce  weight,  of  duck  furnishes  a 
heat-retaining,  wind-proof  dwelling  place. 

The  tents  are  pitched  on  the  ground  after  the  snow  has 
been  removed  from  the  site.  Guy  ropes  are  fastened  to  trees 
felled  near  the  side  walls  of  the  tent.  The  burlap  flap  around 
the  bottom  of  the  walls  is  turned  out  and  snow  is  piled  on  it 
to  a  depth  of  two  or  three  feet.  This  serves  the  double  pur- 
pose of  anchoring  the  tent  and  of  banking  it  against  the 
wind.  The  "floor"  of  the  tent  is  of  spruce  boughs  piled  as 
thick  as  the  energy  or  taste  of  the  owners  demands.  Upon 
these  boughs  as  a  mattress  is  spread  the  bedding — usually 
three  pairs  of  blankets,  or  perhaps  an  eiderdown  quilt,  fas- 
tened into  a  sleeping  bag  and  protected  by  a  waterproofed 
covering  of  canvas  or  light  rubber. 

Surveying  operations  continue  through  the  winter 
months  just  as  in  the  summer.  Progress  is,  of  course,  some- 
what slower  because  of  the  short  days  and  an  average  of 
three  miles  per  week  is  considered  good  work.  It  is  not 
unusual  to  average  less  than  six  working  hours  per  day 
through  December  and  January.  The  reason  for  this  will 
be  seen  when  it  is  understood  that  daybreak  is  about  7 :30 
a.  m.  and  darkness  begins  again  about  4 130  in  the  after- 
noon. Deducting  from  the  intervening  nine  hours  at  least 
^'0  for  traveling  to  and  from  the  line  and  another  hour  for 
noon  lunch,  there  is  a  balance  of  only  six  hours  for  actual 
work.  The  difficulty  of  cutting  in  frozen  timber  does  not 
seriously  delay  the  work  as  this  factor  is  largely  compensated 
for  by  the  fact  that  the  axemen  work  much  harder  and  more 
consistently  in  cold  weather. 

The  instrument  men  have  a  number  of  little  problems 
to  solve  during  the  winter's  work.  Perhaps  the  first  of  these 
's  to  learn  to  handle  an  instrument  literally  "with  gloves." 
Bare-handed  manipulation  is  out  of  the  quej^tion  as  the 
nietal  freezes  the  flesh  almost  instantly.  Light  knitted-silk 
gloves  afford  sufficient  protection,  however,  and  do  not  in- 
terfere with  the  careful  adjustment  of  the  screws  on  the 
instrument.  A  clouditig  of  the  lenses  is  often  caused  by  a 
hand  or  face  brought  too  closely  to  the  glass  and  tangent 
screws  are  sometimes  frozen  solid  as  a  result  of  the  moist- 
ure from  the  breath  of  the  manipulator. 
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Observing  becomes  a  real  task  in  cold  weather  because 
of  the  numerous  adjustments  and  readings  which  have  to  be 
taken.  In  Canada,  because  of  the  northerly  latitude,  Polaris 
can  always  be  observed  during  the  day  with  a  moderately 
high  power  telescope.  Night  observations  are  almost  never 
taken.  Without  the  drawback  of  darkness,  the  task  is  still 
sufficiently  exacting,  however,  when  the  thennometer  is 
reading  at  40  or  50  below  zero.  Observations  for  the  de- 
flection of  the  magnetic  needle  which  have  to  be  made  at 
certain  hours  of  the  day,  depending  upon  the  time  of  the 
yekr,  the  latitude,  and  the  longitude,  do  sometimes  necessi- 
tate night  work  but  the  manipulations  are  short  and  simple 
and  cause  the  transitman  but  little  trouble. 

The  work  of  chaining  suffers  no  change  during  the 
winter  months.  A  five-chain  tape  is  used  with  a  one-chain 
length  following  as  a  check.  Corrections  are  applied  for 
slope  with  a  clinometer  and  an  alcohol  thermometer  re- 
places the  mercury  bulb  used  in  warm  weather  for  the  tem- 
perature corrections. 

Monument  building,  which  consists  of  the  digging  of 
four  square  pits  and  the  erection  of  a  three-foot  pyramid  in 
the  center  (the  iron  post  being  driven  at  one  corner  of  the 
pyramid),  is,  of  course,  much  more  laborious  work  in  frozen 
ground.  The  number  of  these  monuments  to  be  erected  is 
not  large,  however,  because  of  the  slow  rate  of  progress 
and  it  is  seldom  that  this  branch  of  the  work  delays- a  for- 
ward movement. 

The  topographical  work  becomes  a  real  pleasure  dur- 
ing the  winter  months.  With  no  foliage  to  obstruct  the 
view,  snowshoes  to  facilitate  travel,  and  open  water  no 
longer  a  hindrance,  the  assistant  in  charge  of  the  exploring 
finds  himself  able  to  cover  a  much  larger  area  of  country  to 
a  distinctly  better  advantage  than  in  the  warmer  weather. 
For  these  reasons,  compass  surveys  of  lakes  and  rivers  are 
always  postponed,  if  possible,  until  the  cold  weather  has 
arrived. 

A  comparison  of  the  two  seasons  from  a  working 
standpoint  brings  out,  for  the  base  line  engineer's  considera- 
tion, a  number  of  advantages  in  favor  of  winter.  The  ease 
with  which  supplies  can  be  transported,  and  the  ability  to 
keep  supplies,  particularly  fresh  meats,  are  alone  almost 
enough  to  swing  the  balance  in  favor  of  cold  weather  opera- 
tions. As  a  rule,  the  men  are  better  workers  during  this 
season — a  fact  easily  accounted  for  when  one  considers  the 
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short  hours,  better  food,  and  the  absence  of  mosquitoes  and 
black  flies  which  make  the  summer  months  almost  unbear- 
able at  times.  The  rough  comforts  of  the  camp  are  always 
developed  to  the  highest  degree  during  the  winter  season 
and  the  long  hours  under  cover  are  frequently  used  to  con- 
vert the  tent  into  a  semblance  of  a  real  home.  If  we  add 
to  these  facts  the  statement  that  line  operations  are  but  little 
hindered  and  say,  then,  that  such  hindrance  is  more  than 
counterbalanced  by  the  increased  efficiency  of  the  topo- 
graphical party,  it  should  be  plain  why  the  winter  months 
are  regarded  as  the  best  season  for  base  line  work  in  Canada. 
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Organization 

The  Editorial  Staff  of  the  Purdue  Engineering  Review 
has  undergone  a  reorganization.  A  new  Constitution  has 
been  adopted  by  the  Engineering  Societies,  which  provides 
for  the  different  departments  of  the  staff  as  they  now  stnad. 
The  electing  of  only  one  assistant  to  each  department  was 
made  possible  by  the  addition  of  the  Chemical  Engineering 
Society,  and  under  the  present  organization  a  complete  un- 
derstanding of  duties  will  be  promoted.  The  addition  of  a 
Permanent  Treasurer  will  also  provide  a  means  of  further- 
ing a  better  organized  business  department. 

A  Step  Ahead 

For  many  years  it  has  been  desirable  to  have  the 
Undergraduate  express  his  ideas  in  an  intelligible  manner. 
It  has  also  been  true  that  with  its  mushroom  growth,  Purdue 
has  men  in  its  Academic  courses  who  have  had  very  excep- 
tional training  and  experiences.  There  will  be  found  in 
this  issue  several  very  interesting  articles  written  by  under- 
graduates. This  is  an  experiment  that  will  no  doubt  prove 
a  success. 
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SCHOOL  OF  CIVIL  ENGINEERING 

THE  LABORATORY  FOR  TESTING   MATERIALS 

During  the  past  year  an  Impact  Machine  and  a  large 
torsion  testing  machine  have  been  installed,  which  provides 
for  tests  in  compression  and  flexure.  The  Impact  machine 
formerly  installed,  provides  for  tests  in  tension  so  that  the 
University  is  now  prepared  for  various  kinds  of  impact 
tests  of  materials.  The  research  in  progress  in  the  labora- 
tory includes  investigation  of  methods  of  improving  the 
manufacture  of  concrete  sewer  pipes;  the  investigation  of 
the  properties  of  alloy  steels  under  quick  applied  and  alter- 
nating stresses;  the  investigation  of  the  best  division  by 
screening  of  the  output  of  Indiana  gravel  beds. 

HYDRAULIC  LABORATORY 

The  new  installations  of  machinery  in  the  Hydraulic 
Laboratory  are  now  complete.  The  new  construction  in- 
cludes a  concrete  channel,  8  feet  wide  with  large  weirs, 
and  a  50,000  pound  scale  for  weighing  the  flow.  Under- 
neath this  channel  is  a  large  underground  reservoir.  There 
is  a  12  inch  water  turbine  and  a  20  inch  centrifugal  pump 
connected  up  with  a  steel  pressure  tank  from  which  also 
provision  is  made  for  a  study  of  discharge  through  orifices 
and  nozzles  under  high  pressure.  This  laboratory  now  has 
a  capacity  of  8,000  gallons  per  minute  and  the  available  head 
of  500  feet.  This  finely  equipped  laboratory  has  been  de- 
veloped by  changes  in  the  former  machine  shop  at  a  very 
small  cost.  The  experimental  work  under  way  includes  the 
flow  of  water  through  bent  pipe  and  valves,  of  the  flow  of 
water  in  concrete  channels  and  also  the  resistance  caused  by 
different  forms  of  bridge  piers. 

SPECIAL  RESEARCH 

Professor  Albert  Smith  has  completed  a  very  patient 
and  difficult  study  of  the  stresses  in  steel  frames  of  high 
buildings  caused  by  wind  forces. 
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Professor  Albright  has  continued  his  measurements  of 
the  deformation  of  railroad  tracks  under  different  operat- 
ing conditions,  for  the  purpose  of  throwing  light  on  the 
proper  design  of  ballast,  ties  and  rails. 

Professor  Geo.  E.  Martin  entered  upon  his  duties  as 
Assistant  Professor  of  Highway  Engineering  and  has  spent 
a  larger  part  of  his  time  in  highway  extension  throughout 
the  State  of  Indiana.  Purdue  Road  Schools  are  being  held 
in  various  districts  of  the  State  at  which  practical  prob- 
lems peculiar  to  Indiana  are  discussed. 

ENGINEERING  CAMP 

The  engineering  camp  of  the  summer  of  1914  was  held 
on  the  State  Forest  Reserve  near  Henryville,  about  20  miles 
south  of  Kentucky,  and  this  summer  will  probably  be  held 
at  Pentwater,  Michigan.  This  camp  has  proved  a  great  suc- 
cess, not  only  in  equipping  students  as  engineers,  but  has 
generated  a  general  effectiveness  that  shows  itself  to  a 
marked  degree  in  the  work  of  the  Junior  year. 

INDIANA  FLOOD  COMMISSION 

During  the  past  year,  the  engineering  office  of  the  Indi- 
ana Flood  Commission  was  installed  at  the  School  of  Civil 
Engineering.  Professor  Hatt  as  Chief  Engineer,  was  as- 
sisted by  Professor  Wiley,  Professor  Albright  and  Mr. 
Lommel.  The  report  of  the  Chief  Engineer  was  issued  as 
a  bulletin  of  the  Indiana  Bureau  of  Legislative  Information. 


SCHOOL  OF  MECHANICAL  ENGINEERING 

CHANGES   IN   THE    INSTRUCTIONAL  STAFF 

During  the  past  year  several  changes  have  been  made 
in  the  personnel  of  the  instructional  corps  of  this  depart- 
ment. Prof.  T.  T.  Eyre  has  returned  after  a  leave  of  ab- 
sence of  one  year,  in  which  time  he  was  head  of  the  Depart- 
ment of  Mechanics,  Hydraulics  and  Testing  Materials  Lab- 
oratory of  Case  School  of  Applied  Science.  The  department 
has  lost  in  the  last  year,  Prof.  L.  E.  Endsley,  who  at  the 
present  time  is  Professor  of  Railroad  Engineering  at  the 
University  of  Pittsburg.     Mr.  A.  O.  Gates  has  resigned  to 
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take  a  position  as  Assistant  Sales  Manager  for  the  Dodge 
Manufacturing  Company  of  Mishawaka,  Indiana. 

The  department  has  had  the  use  of  a  large  amount  of 
apparatus  in  connection  with  the  Steam  and  Gas  Engineer- 
ing and  the  Heating  and  Ventilating  Laboratory. 

RESEARCH 

Thirteen  lines  of  research  were  completed  far  enough 
to  be  worthy  of  publication  and  a  number  of  problems  are 
still  under  investigation  during  the  last  year.  Quite  a  num- 
ber af  articles  and  reports  were  published  also  during  the 
last  year. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

The  personnel  of  the  instructional  corps  of  the  School 
of  Electrical  Engineering  has  not  been  radically  changed 
this  year,  Professors  Harding,  Topping,  Rowell,  Ewing  and 
Still  being  its  representatives  on  the  faculty  and  the  instruc- 
tors remaining  as  before.  Messrs.  L.  L.  Bouton  of  the  Kan- 
sas Agricultural  College,  later  with  the  General  Electric 
Co.,  at  Schenectady,  and  H.  E.  Phelps  of  Worcester  Poly- 
technic Institute  were  added  to  the  staff  as  assistants. 

The  west  room  on  the  first  floor  of  the  Electrical  Build- 
ing, which  has  been  occupied  as  an  office  by  the  head  of  this 
school  for  many  years  is  now  being  transformed  into  a 
reading  and  conference  room  for  the  Purdue  Branch  of  the 
A.  I.  E.  E.  and  the  three  south  rooms  on  the  first  floor  have 
been  devoted  to  office  purposes. 

Research  work  in  connection  with  the  high  tension 
laboratory  and  the  test  car  has  been  continued  during  the 
year  and  a  high  voltage  voltmeter  operating  upon  an  entirely 
new  principle  is  being  constructed  in  the  former  laboratory 
which,  it  is  anticipated,  will  be  of  considerable  scientific 
merit.  Aside  from  the  usual  research  and  commercial  tests 
which  have  been  carried  on  there  is  at  present  in  operation 
a  life  and  contact  resistance  test  of  a  large  variety  of  types 
of  signal  relays  used  upon  block  signal  track  circuits.  This 
work  is  being  done  for  the  National  Signal  Association  and 
is  attracting  considerable  attention. 
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SCHOOL  OF  CHEMICAL  ENGINEERING 

The  school  continues  to  grow  at  a  healthy  rate,  the 
total  enrollment  this  year  being  i6o,  compared  with  139  l?ist 
year,  including  a  senior  class  of  20. 

In  spite  of  the  unsatisfactory  condition  of  the  business 
world  the  graduates  have  all  been  employed  in  technical  po- 
sitions in  so  far  as  they  so  desired,  and  more  could  have  been 
placed  if  available. 

Some  rearrangement  of  the  work  has  been  made,  seve- 
ral subjects  being  transferred  to  more  effective  parts  of  the 
course. 

The  staff  qf  the  chemistry  department  has  been  enlarg- 
ed by  the  appointment  of  Dr.  H.  E.  Loomis,  assistant  pro- 
fessor in  Bowdoin  College,  to  take  charge  of  physical 
chemistry,  formerly  administered  by  Professor  Mahin,  who 
now  directs  the  work  in  quantitative  analysis  only. 

It  is  expected  that  some  of  the  seniors  in  chemical  en- 
gineering will  receive  instruction  in  physical  chemistry  next 
year  and  hope  that  arrangements  can  soon  be  made  for  a 
year's  work  for  all  in  this  increasingly  important  branch  of 
chemistry. 

Research  work  has  been  conducted  this  year  on  the 
destructive  action  of  chemical  solutions  on  concrete,  the  ef- 
ficiency of  automobile  fuels,  and  the  properties  of  lubricat- 
ing oils. 
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honor  of  its  benefactor,  John  Purdue,  a  citi- 
zen of  LaFayettej  aided  by  numerous  private  and 
public  gifts ;  maintained  by  appropriations  from  the 
State  of  Indiana  and  the  United  States;  oflPers  in- 
struction in  undergraduate  and  graduate  courses  in 
Science,  Agriculture,  Engineering  and  Pharmacy. 


The  institution  possesses  superior  resources  for 
conducting  its  courses  of  instruction,  viz: 

An  Instructional  Corps  of  over  Two  Hundred 

persons. 

An  Estate  of  over  One  Thousand  Acres. 

Twenty-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics, 
Botany,  Zoology,  Bacteriology,  Electricity,  Steam 
Engineering,  Locomotive  Engineering,  Civil  Engin- 
eering, Hydraulics,  Materials  Testing,  Practical 
Mechanics,  Pharmacy,  Soil  Physics,  Dairying,  Hor- 
ticulture, Veterinary  Science,  Animal  Industry  and 
Experimental  Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  ma- 
terials in  all  departments  of  unusual  extent  and 
unique  character. 
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MR.  GEORGE  DeA.  BABCOCK  {"The  Exact  Control  of  Manth 
facturt^*)  was  bom  In  CJorvlnn'e,  Utah,  fai  1875  and  received  his 
preliminary  education  at  the  Fairfield   Military  Academy.     In 
1904  he  graduated  from  Purdue,  receiving  the  degree  of  B.  S. 
E.  E.   Before  entering  Purdue  he  had  some  experience  in  teach- 
ing and  after  graduation  he  accepted  the  position  of  Professor 
of  Mechanic  Arts  at  Syracuse  University.     In  1907  he  became 
production  manager  of  the  H.  H.  Franklin  Mfg.  Co.,  which  posi- 
tion he  holds  at  the  present  time.    He  is  a  member  of  the  Taylor 
Society.    He  is  the  author  of  "Results  of  Applied  Scientific  Man- 
agement," an  address  before  the  Metal  Trades  Association  in 
1914,  and  reprinted  by  the  "Iron  Age;"  "Routing  Schedule  and 
Despatch,"   an  address   before   the   Efficiency   Society   and   re- 
printed by  "Iron  Age;"  "The  Executive's  Problem,"  an  address 
before  the  Manufacturers'  Association,  reprinted  by  "Iron  Age;" 
as  well  as  many  other  articles  printed  in  technical  magazines, 
and  addressee  before  technical  societies  on  the  general  subject 
of  manufacturing  efficiency.     Mr.  Babcock  is  generally  recog- 
nized as  being  one  of  the  leading  authorities  in  the  country  on 
the  subject  of  the  application  of  the  principles   of   Scientific 
Management. 

MR.  A.  H.  BRYAN,  A.  C,  M.  S.,  CWhite  f^ngar—Cane  or 
BeetV)  was  bom  in  Indianapolis,  Ind.,  in  1874.  In  1892,  he 
graduaited  with  honors  from  the  Shortridge  High  School  of  that 
city  and  was  assistant  instructor  in  Chemistry  at  that  institu- 
tion from  1892-1896  and  Asst.  City  Chemist  of  Indianapolis  from 
1893-94.  In  1896,  he  entered  Purdue  University,  graduating  two 
years  later  with  a  B.  S.  Ch.  E.  degree.  From  1897-98,  Mr.  Bryan 
was  assistant  to  Dr.  W.  E.  Stone,  then  Professor  of  Chemistry 
at  Purdue.  From  1898-1901,  he  was  Asst.  Chemist  of  the  Indiana 
Experiment  Station;  from  Jan.  to  Sept.,  1901.  Chemist  of  the 
Indianapolis  Rubber  Co.;  1901-1907,  Chemist  for  the  American 
Beet  Sugar  Co.  of  Rocky  Ford,  Colo.;  1907-1909,  Asst.  Chemist 
and  from  1909-1914,  Chief  of  the  Sugar  Laboratory,  Bureau 
of  Chemistry,  U.  S.  Dept.  of  Agriculture;  and  from  1914  to  date, 
he  has  been  Supervising  Chemist  of  the  Arbuckle  Bros,  of  New 
York  City.  Mr.  Bryan  is  a  member  of  the  Indiana  Academy  of 
Science,  Washington  Academy  of  Science,  American  Chemical 
Society,  Association  of  Official  Agricultural  Chemists,  Vereins 
Deutscher  Zuckertechniker,  and  the  National  Geographic  Soci- 
ety, and  has  contributed  many  articles  to  the  technical  press, 
among  which  are,  "The  Sugar  Beet,"  **The  Chemical  Composition 
and  Analysis  of  Imported  Honeys,"  "The  Use  of  Light  Filter  Cell 
in  Polarizing  Sugars,"  "Precipitation  of  Reducing  Sugars  with 
Basic  Lead  Acetate." 
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MR.  F.  F.  CHANDLER  {"Is  the  Answer  Tes  or  NoV)  was 
born  in  Indianapolis  in  1876  and  attended  the  schools  there  be- 
fore entering  Purdue.  He  was  a  teacher  of  Advanced  Physics 
in  the  Indianapolis  Hi^  School  for  two  years  before  coming 
to  Purdue.  He  received  the  degree  of  B.  S.  M.  E.  in  1899.  After 
graduation  he  was  an  assistant  at  Purdue  for  a  year  and  then 
became  Sales  Manager  of  the  Chandler  and  Taylor  Company 
of  Indianapolis,  where  he  is  located  at  the  present  time  in  the 
capacity  of  sales  manager.  Mr.  Chandler  has  delivered  several 
lectures  before  various  bodies  on  the  subject  of  "Corporation 
Management/'  and  is  the  author  of  a  number  of  papers  and 
addresses  on  Power  Plant  subjects.  He  is  a  member  of  the 
Indiana  Engineering  Society. 


MR.  C.  C.  CHAPPELLE  {"Coasting  Recoiders  For  Checking 
Electric  Car  Operation  Efficienctf"*)  was  bom  at  Carthage,  Ind., 
and  graduated  from  Purdue  in  1895  with  the  degree  of  B.  S.  M.  E. 
Prom  this  date  to  1898,  he  was  Manager  and  Treasurer  of  the 
Merchants  Electric  Light  Association  of  Lafayette,  Ind.,  which 
he  organized.  From  1899-1910,  he  was  Engineer  and  Sales  Man- 
ager of  the  Denver,  Cok).,  office  and  later  the  Western  Sales 
Manager  of  the  Westinghouse  Machine  Co.,  of  East  Pittsburg, 
Pa.  From  1911-14,  Mr.  Chappelle  was  Vice-President  and  Gen- 
eral Manager  of  the  Federal  Light  and  Traction  Co.  of  N.  Y. 
Since  then  he  has  been  Consulting  Engineer  and  Vice-Pres.  of 
the  Railway  Improvement  Co.,  of  N.  Y.  Mr.  Chappelle  is  a 
member  of  the  Western  Society  of  Engineers  and  of  the  N.  Y. 
Railway  Club,  and  has  contributed  to  the  Electric  Railway 
Journal,  "Fundaimental  Principles  of  Car  Operating  Efficiency." 


MR.  A.  B.  COHEN  {"Expansion  and  Construction  Joints  in 
Reinforced  Concrete  Viaducts")  was  bom  at  Chicago,  IlL,  in  1882, 
and  graduated  from  Purdue  with  the  B.  S.  C.  E.  degree  in  1905. 
In  1910  he  was  given  the  degree  of  C.  E.  by  the  same  institution. 
Previous  to  his  graduation,  he  had  two  summers'  experience  as 
rodman  and  instrument  man  for  the  City  Engineer  of  Elast 
Chicago,  111.  From  June-Dec.,  1905,  he  was  draftsman  In  the 
Maintenance  of  Way  Dept.  of  the  D.  L.  &  W.  R.  R.  and  from 
Dec.,  1905-Sept.,  1906,  he  held  the  position  of  Chief  Draftsman 
locating  Cut-off  Line  of  the  same  department.  From  Sept.,  1906- 
Feb.,  1907.  he  was  a  draftsman  for  the  C.  I.  &  S.  R.  R.;  March, 
1907,  he  re-entered  the  BJngineering  Dept.  of  the  D.  L.  &  W. 
K.  R.  as  draftsman  In  the  Concrete  Dept.,  and  from  May,  1907, 
to  date,  he  has  been  Engineer  of  Concrete  Design  for  that  rail- 
road. Among  Mr.  Cohen's  engineering  designs  are  the  Martin's 
Creek  viaduct,  the  Tunkhannock  Creek  and  many  others,  rang- 
ing in  length  to  2230  ft.,  and  In  cost  to  $1,400,000.  He  Is  a 
member  of  the  American  Society  of  Testing  Materials  and  of 
the  American  Concrete  Institute,  as  well  as  an  associate  member 
of  the  American  Society  of  Civil  EJnglneers. 


MR.  R.  G.  FLAUGHER  {"Principles  of  District  Drainage  As- 
sessments**) was  bom  at  Cayuga,  Ind.,  in  1889  and  entered  Pur- 
due in  the  School  of  Civil  Engineering,  from  which  he  was  grad- 
uated In  1912  with  the  degree  of  B.  S.  C.  E.    Since  then  he  has 
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serred  in  highway  work;  drainage  and  mining  engineering;  rail- 
road surveying;  as  county  surveyor  of  Vermillion  county,  Indi- 
ana; City  Engineer  of  Clinton  and  Cayuga,  Ind.;  and  as  Valuation 
Engineer  of  the  Toledo,  St  Louis  and  Western  Railway.  At 
various  times  he  has  taken  work  in  the  Schools  of  Agriculture 
of  both  Purdue  and  Illinois. 


PROF.  M.  J.  GOLDEN,  M.  E.,  CThe  Operation  of  the  Control 
Board*"),  Professor  of  Practical  Mechanics  at  Purdue  University, 
graduated  from  this  institution  in  1894.  He  is  a  memher  of  the 
A  S,  M.  E„  the  Society  for  the  Promotion  of  EJngineering  Edu- 
cation, and  the  Indiana  Academy  of  Science.  Prof.  Golden  has 
written  the  Woodrworking,  Pattern  Making  and  Foundry  parts 
of  the  I.  C.  S.  textbooks,  **Wood  Turning,"  "A  Foundry  Course 
for  Schools,"  and  many  other  articles  and  textbooks. 


MR.  G.  E.  GL08S0P  CFatdlities  and  Serious  Shocks  Caused 
by  ElectHcity'*)  was  bom  in  1889  at  Ft.  Dodge,  Iowa.  After 
gaining  four  years'  experience  in  ordnance  and  seamanship  in 
the  U.  S.  Navy,  he  entered  Purdue  in  1910,  graduating  in  1915 
with  the  degree  of  B.  S.  E.  E.  While  at  Purdue,  he  won  a  "P"  in 
football  in  1911,  '12,  '13,  and  was  assistant  football  coach  at 
Purdue,  1915.  From  1915  to  the  present  date,  he  has  been  Math- 
ematics Instructor  and  Athletic  Director  of  the  High  School  at 
Rapid  CHy,  S.  D. 


MR.  W.  A.  HAN  LEY  ^Modernizing  a  Boiler  Plant")  was 
bom  at  Greencastle,  Ind.,  in  1886.  He  received  his  preliminary 
education  at  St.  Joseph's  College,  Collegeville,  Ind.,  and  after 
four  and  one-half  years'  experience  with  the  Republic  Iron  & 
Steel  Co.,  of  Muncie,  Ind.,  and  one  year  with  the  Broderick  Co., 
of  the  same  city,  he  entered  Purdue  in  1907,  graduating  in  1911 
with  the  degree  of  B.  S.  M.  E.  From  that  time  to  the  present 
date,  he  has  been  Chief  Engineer  of  the  plants  of  the  Eli  Lilly  & 
Co.,  of  Indianapolis,  Ind.  He  is  an  associate  member  of  the 
A.  S.  M.  E. 


MR.  A.  H.  KROM  {"Plans  of  the  American  Association  of 
Engineers**)  was  born  in  1888  at  Lockspring,  Ind.  He  graduated 
from  Purdue  in  1910,  receiving  a  B.  S.  E.  E.  degree.  Previous  to 
entering  Purdue,  he  had  gained  experiences  In  carpenter  and 
machine  shops  and  in  salesmanship.  After  leaving  Purdue,  he 
was  electrical  operator  for  the  Commonwealth  E^dlson  Co.  from 
1910-11  and  Commercial  Engineer  from  1911-12.  From  1912-13, 
Mr.  Krom  was  Chemical  Engineer  and  Manager  of  the  Chicago 
office  of  the  Hasklns  Glass  Co.  From  1913-14,  he  was  Power 
Engineer  of  the  Central  Illinois  Public  Service  Co.;  from  1914-15, 
City  Electrical  EJnglneer  of  Chicago;  and  from  1915  to  date, 
Engineer-in-charge  of  the  Chicago  office  of  the  State  Public 
Utilities  Commission  of  111.  Mr.  Krom  is  an  associate  member 
of  the  A.  A.  E.  and  of  the  A.  I.  E.  E.  Among  his  contributions 
to  the  technical  press  are:  "Armature  Reaction,"  "Seml-Indlrect 
Illumination,"  and  "Compensation   for  the  Man  Between." 
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MR.  W.  T.  MILLER  rCondensation  Meters*')  was  born  at 
Neponset,  111.,  in  1884,  and  is  a  candidate  for  the  B.  S.  M.  E. 
from  Purdue  this  year.  Before  entering  this  University,  he 
had  gained  practical  experience  in  handle  making;  had  operated 
a  steam  shovel  on  the  Rock  Island  Lines  for  14  months;  was  in 
the  Indian  service  for  two  years;  was  principal  of  an  Oklahoma 
Indian  school  and  supervisor  of  the  district  A^icultural  schools 
of  the  Oklahoma  State  Board  of  Agriculture  for  five  years.  Mr. 
Miller  has  had  charge  of  power  plants  at  various  times  and  has 
obtained  considerable  practical  experience  along  this  line. 


MR.  HARRY  G.  RA8CHBACHER  V*^ot€8  on  Estimatiny  the 
Groicth  of  Cities")  was  born  in  Indianapolis  in  1881.  He  grad- 
uated from  Purdue  in  1904  with  the  degree  of  B.  S.  C.  E,  Since 
then  he  has  served  as  Irrigation  Engineer  for  the  U.  S.  Depart- 
ment of  Agriculture;  Civil  Ehigineer  and  Irrigation  expert  in  the 
west;  consulting  engineer;  and  Assistant  Professor  of  Survey- 
ing. He  is  a  Consulting  Engineer  at  the  present  time.  Mr. 
Raschbacher  is  a  member  of  the  Western  Society  of  Engineers, 
and  the  Michigan  Engineering  Society.  He  has  published  a 
number  of  reports  on  Irrigation  Practices  for  the  U.  S.  Depart- 
ment of  Agriculture,  and  several  articles  for  the  Engineering 
Record,  as  well  as  articles  for  college  technical  publications. 


MR.  J.  D.  RAUCH  C'The  Evolution  of  Excavating  Machinery**) 
was  bom  at  Liogansport,  Ind.,  in  1874.  He  entered  Purdue  in 
1891  and  left  at  the  end  of  his  Sophomore  year.  From  1893-1895, 
he  was  employed  in  a  County  Surveyor's  office;  from  1896-1900, 
he  was  a  draftsman  for  the  Pennsylvania  R.  R.  Co.;  from  1900- 
1902,  Assist.  Master  Mechanic  of  the  L.  E.  &  W.  R.  R.  Co.; 
from  1902-1903,  Mechanical  Engineer  of  the  Pennsylvania  R.  R. 
Co.;  1903-1906,  Chief  Engineer  of  the  Wm.  Dowling  Co.;  and 
from  1906  to  date,  he  has  been  Secretary  and  Treasurer  of  the 
American  Steel  Dredge  Works,  Fort  Wayne,  Ind.,  which  he  or- 
ganized in  1906  and  which  was  incorporated  in  1909. 


MR.  W.  E.  STANLEY  rJjjss  of  Head  in  Pipes,  Bends,  Valves 
tind  Othei'  Fittinys")  was  born  at  Burton,  Kans.,  in  1891.  He 
graduated  from  the  Kansas  State  Agricultural  College  in  1912, 
receiving  a  B.  S.  C.  E.  degree.  From  Aug.-Dec.,  1912,  he  was 
bridge  inspector  for  the  state  of  Kansas;  from  1912-13,  he  was 
employed  as  ehainman  on  U.  S.  land  surveys;  and  from  1914  to 
date,  he  has  been  an  assistant  in  the  School  of  Civil  Engineering, 
taking  a  graduate  course  in  Hydraulic  Engineering.  He  is  a 
candidate  for  the  degree  of  C.  E.  and  is  a  member  of  The  Society 
for  Promotion  of  Engineering  Education. 


MR.  L.  E.  STIBBE  r^ome  Phases  of  Railroad  Traffic  Study**) 
was  bom  in  Valparaiso,  Ind.,  in  1892,  and  graduated  from  the 
high  school  at  Kants,  Ind.  He  graduated  from  Purdue  in  1915 
with  the  degree  of  B.  S.  E.  E.  Since  then  he  has  been  employed 
in  the  Testing  Department  of  the  General  Electric  Company. 
He  is  a  member  of  the  Schenectady  branch  of  the  American 
Institute  of  Electrical  Engineers. 
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MR.  J.  C.  TURPIN  {^* Some  Personal  Impressions  of  Aviation*^) 
was  bom  in  1886,  at  Dayton,  O.  He  graduated  from  Purdue  in 
1908  with  the  degree  of  B.  S.  M.  E.  Previous  to  entering  Purdue, 
he  gained  much  experience  in  working  with  automobiles  and 
motorcycles.  From  1909-1912,  he  was  an  aviator  and  salesman 
for  The  Wright  Co.  of  Dayton,  O.,  being  one  of  the  seven  mem- 
bers of  the  Wright  Exhibition  team.  Retiring  from  the  field  of 
aviation  in  1912,  he  entered  the  sales  department  of  the  Packard 
Motor  Car  Co.,  of  N.  Y.  Prom  1914  to  date,  he  bas  been  a 
member  of  the  firm  of  the  American  Cotton  Co.,  of  Boston,  Mass. 

PROF.  L.  W.  WALLACE  C'Shop  Control),  Professor  of  Rail- 
way Ehigineering  and  of  Industrial  Management  at  Purdue  Uni- 
versity, is  a  graduate  of  the  Agricultural  and  Mechanical  College 
of  Texas  in  the  class  of  1903.  He  received  his  M.  E.  degree  from 
Purdue  in  1912.  Prof.  Wallace  is  a  member  of  the  A.  S.  M,  E.; 
the  International  Ry.  Fuel  Association;  the  Western  Railway 
Club;  the  Western  Efficiency  Society;  the  American  Academy 
of  Political  and  Social  Science,  and  is  an  Associate  Member  of 
the  American  Railway  Master  Car  Builders  Association.  He  is 
President  of  the  Indiana  Engineering  Society.  Prof.  Wallace 
has  been  a  frequent  contributor  to  the  technical  press  of  many 
articles  on  railway  subjects  as  well  as  of  those  along  industrial 
lines. 
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Main   Entrance   to  Purdue  University. 
Mechanical  Building  In   background. 
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EXACT  CONTROL  OF  MANUFACTX7RE* 

By  George  De  A.  Babcock,  '04  f 

Synopsis:  A  discussion  of  the  application  of  scientific  management  to 
a  maanfactnrlns  business,  taking  np  the  principle  elements  which  enter 
into  the  Intensive  control  of  manafactarlns  work  and  explaining  In  detail 
liow  each  may  be  scheduled  and  despatched  with  precision.  This  artlele 
is  supplemented  by  Illustrations  and  an  explanation  of  the  control  boards 
used  in  the  H.  H.  Franklin  Mtg,  Co's.  plant,  Syracuse,  N.  Y.  to  obtain  the 
exact  emitrol  described  by  Mr.  Babcock  In  this  article. 

Recently  the  writer  addressed  the  Manufacturers'  Asso- 
ciation of  Auburn,  N.  Y.,  on  the  subject,  "The  Executive's 
Problem."  The  theme  of  this  address  involved  different 
types  of  executive  action  as  applied  to  the  conduct  of  a  busi- 
ness. Three  fundamental  types  of  executive  action  were 
presented,  the  third  one  of  which  is  commonly  known  as 
Scientific  Management.  It  is  a  type  of  management  promul- 
gated and  practiced  by  our  late  Dr.  Frederick  W.  Taylor,  in 
which  the  executive  assumed  a  more  detailed  control  of 
work  than  practiced  under  other  forms ;  in  which  facts  sup- 
plant opinion  and  exact  instructions  supplant  general  orders. 
Tasks  are  set  for  each  element  of  the  work  and  a  perpetual 
check  of  accomplishment  to  these  tasks  is  maintained. 

I  shall  go  into  a  somewhat  extended  discussion  of  the 
application  of  this  type  of  management  to  a  manufacturing 
business  and  from  examples  gathered  over  a  period  of  four 
years  of  its  practice  in  a  most  intensive  form  acquaint  you 
perhaps  better  than  in  any  other  way  with  what  repayment 
may  be  expected  to  offset  the  strenuous  effort  required  for 
its  introduction  and  continued  application. 

The  writer  has  been  highly  favored  in  the  past  with  an 
opportunity  to  present  the  results  of  these  experiences  before 
Societies,  Associations,  and  Universities,  most  of  which  have 
been  recounted  in  the  "Iron  Age"  magazine.  It  has  been  his 
aim  to  prepare  a  discussion  on  different  phases  of  this  work 
upon  each  of  these  occasions.  This  paper  includes  but  little 
of  the  detail  of  that  which  has  been  previously  written. 

•  Address  given  before  the  University  Industrial  Society,  Bridgeport, 
Conn.,  December  3,  1915. 

t  Production  Manager,  The  H.  H.   Franklin  Mfgr.   Co.,   Syracuse,   N.   T. 
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Preliminary  to  any  active  work  in  the  factory,  the  man- 
agement and  more  important  supervisors  must  at  least  agree 
to  be  in  accord  with  the  new  efforts  and  to  give  their  honest 
support  to  such  efforts.  Those  responsible  for  the  work  of 
reorganizing  will  be  reflected  by  successful  or  chaotic  results. 
If  you  fail  or  go  into  it  with  a  half-hearted  or  unscientific 
approach  you  will  be  worse  off  than  before  you  started.  If 
you  support  and  carry  it  to  a  successful  conclusion,  as  it  will 
invariably  be  if  carried  through,  you  will  marvel  at  the  com- 
fort and  lack  of  discord  which  permeates  your  whole  works. 

The  principal  elements  which  enter  into  a  manufactur- 
ing effort,  arranged  in  the  order  in  which  they  will  be  dis- 
cussed, are : 

(a)  Stock  on  hand  available  for  production. 

1.  Productive  materials. 

2.  Patterns  and  dies. 

3.  Supplies 

(b)  Material  and  work  in  process  of  production. 

1.  Buildings. 

2.  Machines  and  equipment. 

3.  Materials. 

4.  Tools. 

5.  Men. 

(c)  Money. 

1.  In  production. 

2.  In  supplies  and  indirect  expense. 

The  Control  of  Stock  Materials 

Develop  a  set  of  controlling  records  for  the  stock,  which 
are  designed  to  be  absolutely  dependable  without  undue 
supervision. 

Perfect  the  inspection  of  incoming  materials  to  the  end 
that  inspection  precedes  receipt  into  the  stock  room  or  rec- 
ords and  that  no  rejections  shall  occur  after  such  record.  To 
secure  this,  specifications  must  be  exact  and  the  education 
of  the  inspectors  with  respect  to  the  specification  complete. 

(Example:  At  the  end  of  our  year  191 1,  the  variation 
in  stock  room  physical  inventory  with  the  records  was  2j/^  % 
of  the  value  of  charges  handled  during  the  year.  At  the  end 
of  the  year  1913,  the  variation  was  .03%.  At  the  end  of  the 
year  1914,  the  variation  was  .01%  of  all  such  charges.) 

Upon  this  foundation  material  schedules,  in  and  out  of 
stock,  can  be  attained  with  unbelievable  exactness. 
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To  insure  materials  being  in  stock  on  required  dates, 
the  Purchasing  Agent  must  provide  for  the  schedules  stand- 
ard purchasing  times  for  each  material  class,  as  forgings, 
grey,  malleable,  aluminum,  or  bronze  castings,  cold  rolled 
bars,  nickel  steel  bars,  etc.  These  standard  times  are  the 
minimum  number  of  days  in  which  the  representative  can 
regularly  bargain,  buy  and  deliver  to  stock  each  class  or 
si>ecial  item.  From  time  to  time  such  list  will  be  modified 
as  changes  of  conditions  require. 

{Example:  The  standard  list  now  in  service  contains 
seventy-two  classes  and  items.  It  is  dated  May  ii,  1915,  at 
which  time  it  was  last  revised.  To  this  date,  with  all  the 
assumed  difficulty  of  obtaining  materials,  only  six  changes 
have  been  made  in  time  allowances  in  this  list.  At  this  date 
4,000  lots  are  on  order  with  the  Purchasing  Agent.  About 
100  lots  are  issued  to  the  shop  each  day.  90  lots  are  now 
waiting  to  be  issued  as  overdue.  This  represents  about  one 
day's  delay.) 

The  purchasing  representative  must  be  specific  in  re- 
quiring that  deliveries  of  materials  neither  precede  the  speci- 
fied date  or  delay  beyond  such  date.  Some  variation  must  of 
course  be  provided  between  the  date  of  delivery  to  stock  and 
date  to  send  into  process.    This  should  be  a  standard  time. 

{Example:  The  present  standard  of  stock  time  is  ten 
days;  i.  e.,  if  no  more  stock  were  received  but  issues  contin- 
ued per  schedule,  the  stock  would  be  entirely  depleted  in  ten 
days,  assuming  that  receipt  and  issues  occur  exactly  to 
schedule.  Practically,  we  have  attained  in  late  months  an 
actual  stock  reduction  to  eleven  and  one-quarter  days'  sup- 
ply without  detrimental  effect  upon  productive  output  or 
direct  productive  costs.  Previous  to  new  methods  and  pres- 
ent control  plan,  the  stock  investment  represented  a  fifty 
days'  supply.  This  automobile  stock  is  evidently  composed 
of  a  great  variety  of  classes  as  well  as  characteristic  parts. 
Some  material  is  stocked  for  a  complete  schedule  of  six 
months  or  more  up  to  three  years  for  lumber.  Such  material 
is  usually  small  in  bulk,  large  in  numbers  and  of  relatively 
small  value.  Other  material  of  appreciable  bulk  and  value 
may  be  stocked  to  the  short  period  of  one  week.) 

From  the  above  we  conclude  that  control  of  stock  has 
been  obtained.    Six  principal  items  require  control. 

1.  Requisition  of  material. 

2.  Placing  of  purchase  order. 

3.  Securing  of  acknowledgments. 

4.  Receipt  of  invoice  showing  shipment  of  material. 
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5.  Receipt  of  material  into  stock. 

6.  Issue  of  material  to  process. 

Pattern  Control 

For  castings,  a  pattern  must  accompany  the  requisition 
This,  therefore,  must  be  controlled.  The  principal  items  en 
tering  are : 

1.  Pattern  order  placed. 

2.  Work  started. 

3.  4,  5,  etc.      Percentage  completed. 

6.  Delivery  to  foundry  for  test  casting. 

7.  Casting  received. 

8.  Issued  to  shops. 

9.  10,  etc.     Percentage  of  casting  tested. 

II.  Test  completed,  and  if  satisfactory,  release  the 
pattern  to  Purchasing  Agent  to  ship  to  founder  for  produc- 
tion, or  to  local  founder,  from  the  local  pattern  control.  If 
not  satisfactory,  recall  the  pattern  and  repeat. 

Control  of  Dies  for  Forcings 

This  plan  is  similar  to  that  for  patterns.  The  control 
items  are:  (i)  Order  dies.  (2)  Secure  and  inspect  lead 
proofs.  (3)  Release  dies  for  test  forgings.  (4)  Test  out 
forgings  to  jigs  or  for  hardness  or  chemical  analysis.  Re- 
lease of  dies  for  production. 

Supply  Control 

Supplies  for  the  shops  are  controlled  under  a  budget 
plan.  In  recent  years  there  has  been  accumulated  a  vast 
amount  of  information  relative  to  the  consumption  of  per- 
ishable supplies  at  the  different  classes  of  machines.  This 
includes  grinding  wheels,  polishing  wheels,  oils,  waste,  per- 
ishable tools,  etc.  From  this  accumulated  information  bud- 
gets are  prepared  for  each  department  for  each  month  and 
dates  of  deliveries  of  supply  materials  are  controlled  to  ag^ee 
with  these  budgets.  While  there  may  now  be  some  varia- 
tion, the  increase  of  accumulated  information  will  soon  make 
it  practically  exact. 

Supplies  are  despatched  from  the  stock  rooms  some- 
times with  tools  for  the  job,  and  at  others  to  the  workmen 
directly,  as  they  come  for  jobs. 
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Control  of  Material  Work  in  Process  of  Production 

This  class  of  factory  effort  calls  for  the  greatest  activity 
on  the  part  of  the  organization  due  to  the  many  complex 
groups  which  enter.  These  principal  groups  are :  ( i )  Build- 
ings. (2)  Machines  and  equipment.  (3)  Material.  (4) 
Tools.    (5)  Men. 

No  group  or  subdivision  of  a  group  can  remain  in  par- 
tial or  without  control  and  the  final  results  be  controlled.  If 
the  product  is  complex  the  least  unbalance  in  the  schedules 
of  the  groups  will  cause  immediate  congestion  with  a  conse- 
quent temporary  suspension  of  work  in  some  divisions  fol- 
lowed by  a  corresponding  period  of  excessive  activity.  There 
will  first  be  unemployment  and  later  overemployment ;  idle 
plant  and  machines,  with  later  a  congested  plant  and  ma- 
chines. Delayed  or  limited  material  may  be  the  cause  of  a 
greater  congestion  than  material  in  advance  of  schedule. 
Either  condition  causes  not  only  extreme  dissatisfaction  to 
all  persons  affected  but  it  means  large  permanent  invest- 
ments in  buildings  and  other  fixed  equipment  for  temporary 
use  as  well  as  unsalable  material  and  labor. 

A  uniform  burden  on  the  works  at  the  minimum  invest- 
ment is  so  desirable  that  all  possible  effort  in  this  respect 
will  be  amply  repaid  if  the  classified  plan  of  control  is  ob- 
tained and  perpetually  applied. 

BmLDiNG  Control 

The  control  of  buildings  for  an  ascending  schedule  is 
not  difficult.  Plans  are  laid  as  for  materials  and  machines. 
All  of  the  activities  which  are  represented  are  analyzed  and 
classified.  Each  class  is  further  divided  into  its  elements 
and  the  date  for  each  element  to  start,  proceed  and  finish  is 
set.  The  setting  of  each  date  is  made  with  reference  to  the 
date  for  the  finish  of  the  completed  structure.  The  time  for 
measurements,  i.  e.,  the  time  required  to  produce  each  ele- 
ment, is  predetermined  from  exact  knowledge  and  estimates. 
Promises  of  architects  and  contractors  are  not  altogether 
satisfactory,  since  rarely  do  they  have  the  opportunity  to 
plan  and  supervise  as  intensely  as  is  customary  under  the 
highly  developed  factory  method. 

The  control  of  buildings  for  a  descending  schedule  un- 
less they  can  be  sold  for  cost  loss  depreciation  is  never  satis- 
factory. Some  relief  can  be  obtained  by  maintaining  peak 
loads  in  outside  rentals,  never  carrying  a  building  equipment 
for  probable  peaks.    The  possibility  of  securing  such  outside 
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rental  is  a  factor  to  be  considered,  for  without  it,  it  is  either 
build  or  pass  the  business  and  the  latter  is  not  always  the 
least  objectionable. 

{Example:  Storage  spaces  for  materials  are  con- 
structed identically  as  for  manufacture.  As  these  spaces 
become  occupied  with  manufacture,  materials  are  crowded 
out  into  rentals  until  the  permanency  of  this  rental  is  evident, 
then  new  buildings  are  provided  to  house  the  permanent 
part  of  the  t)verfiow. ) 

Control  of  Machines  and  Equipment 

The  fundamental  of  control  of  machines  is  the  burden. 
*'What  machines"  and  "how  many"  for  a  given  rate  of  out- 
put of  a  known  product  is  a  perplexing  question.  Expert 
mechanics  of  highly  inventive  ability  in  the  planning  room 
will  specify  the  first  part  of  this  question,  i.  e.,  **What  ma- 
chines." The  regulation  of  "how  many"  to  produce  a  vary- 
ing schedule  of  output  can  be  secured  through  exact  record 
of  the  time  in  which  the  machine  can  produce  each  operation 
on  each  piece  which  is  routed  over  it.  If  the  product  is  such 
a  one  or  similar  to  that  now  considered,  a  burden  record  can 
be  compiled  to  show  each  machine  by  number  or  symbol 
with  all  operation  time  routed  to  it  for  one  unit  of  the  fin- 
ished product.  The  sum  of  such  times  for  each  machine 
multiplied  by  the  number  of  product  units  to  be  made  each 
day  will  give  daily  task.  This  daily  task  divided  by  the  num- 
ber of  machines  will  give  the  daily  burden.  This  burden 
divided  by  the  number  of  time  units  in  the  standard  day  w^ill 
show  the  number  of  machines  required.  Two  essentials  for 
the  success  of  this  plan  are  proper  time  allowance  for  ma- 
chine breakdowns  or  idleness  and  exact  knowledge  of  unit 
times  for  each  operation.  There  is  no  w^ay  of  securing  this 
latter  except  by  elemental  time  study.  Since  the  machine 
operator's  activity  is  a  factor  in  the  time  taken  by  the  ma- 
chine, the  operator  must  also  accomplish  his  effort  in  the  set 
time.  l*his  is  prescrilx-d  in  the  instruction  card  with  which 
the  operator  is  j)rovi(lcd.  Regardless  of  the  payment  of  a 
premium  or  bonus  to  tlie  man  for  special  attainments,  it  is 
dissolutely  essential  for  the  welfare  of  his  fellows,  as  w-ell  as 
the  stabilitv'  '  »f  fb'*  business,  that  the  machine  unit  times  be 
obtained  and  applied.  Any  delay  on  a  part  causes  a  delay 
of  the  assembly  into  which  it  goes  with  a  consequent  suspen- 
sion of  work  of  the  assemblers.  There  will  also  come  over- 
due shipments  to  the  consumers. 

The  operations  on  parts  which  go  over  each  machine 
having  been  recorded,  from  the  schedule  of  the  particular 
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operation  of  that  part  which  must  be  first  worked  upon,  a 
date  can  be  obtained  for  the  delivery  of  the  machine  to  its 
place  on  the  work  floor. 

All  machines  planned  for  the  same  kind  and  quality  of 
work  are  speeded,  powered  and  made  exactly  alike  in  all 
mechanical  respects.  They  are  then  classes  in  groups  so  that 
work  routed  to  one  can  be  placed  with  any  of  the  others 
with  certainty  of  predetermined  standard  performance.  The 
g^oup  carries  the  group  burden  and  in  all  respects  acts  as 
one  machine.  Each  machine  in  the  group  is  regularly  in- 
spected and  repaired.  Lubrication  for  cutting  edges  is  con- 
trolled by  a  central  equipment  circulating  to  all  places  of 
use  in  the  shops. 

Example:  Some  of  the  groups  and  number  of  ma- 
chines in  each  group  as  now  arranged  are : 

Power  mills,  class  lo,  group  of  4. 

Power  mills,  class  24,  group  of  2. 

Power  mills,  class  42,  group  of  3. 

Hole  grinders,  class  11,  group  of  4. 

Turret  lathes,  class  9,  group  of  8. 

Polishing  grinders,  class  3,  group  of  12. 

Drill  presses,  class  i,  group  of  6.  .       . 

Gang  drills,  class  10,  group  of  6. 

There  is  a  considerable  number  of  groups  with  from 
four  to  six  machines  in  the  group.  The  most  difficult  group 
is  that  of  the  turret  lathes,  class  9.  Slight  variation  in  the 
alignment  of  turret  or  spindle  will  eliminate  the  machine 
from  the  group. 

With  a  larger  productive  output  the  number  of  ma- 
chines in  each  group  would  grow  practically  proportional  to 
the  output. 

Control  of  Materials 

No  plans  for  control  of  materials  over  the  varied  paths 
in  the  works  can  be  successful  unless  controls  previously 
mentioned  have  been  established  and  are  perpetually  main- 
tained. Even  with  this  satisfactory  maintenance  under  the 
usual  plans  the  detail  in  this  effort  is  enormous.  For  exact 
control — and  this  is  so  much  more  satisfactory  than  that 
which  is  approximate — each  activity  on  each  part  and  assem- 
bly must  be  specified.  One  chief  essential,  but  one  seldom 
practiced,  is  the  determination  and  standardization  of  lot 
sizes  for  each  part.  These  lots  will  be  moved  from  station 
to  station  on  the  routes  as  units,  each  lot  to  remain  at  each 
station  until  the  work  specified  to  be  done  at  the  station  is 


Digitized  by 


Google 


Exact  Control — Babcock  23 

completed  on  each  piece  in  the  lot.  Without  exceptional 
orders,  once  the  work  at  a  station  has  been  started  on  a  lot 
of  one  part,  until  it  is  finished  no  other  lot  of  another  part 
can  be  started.  This  precludes  the  use  of  stock  chasers  or 
other  local  shop  authority  since  they  are  not  in  a  position  to 
judge  the  relative  importance  of  delayed  parts  as  against 
other  work  waiting  at  the  machine  when  the  delayed  part 
reaches  it. 

Under  a  standard  lot  size  plan  the  variations  in  quantity 
of  output  are  obtained  by  corresponding  variations  in  the 
frequency  of  despatching  individual  lots. 

(Example :  Assume  a  standard  lot  of  finished  product 
at  Final  Assembly  to  be  50  units,  and  the  schedule  to  require 
10  units  per  work  day.  Then  lots  of  parts  for  final  assembly 
will  be  despatched  from  finished  stock  each  5  work  days. 
If  a  product  part,  one  of  which  is  used  in  each  unit  of  the 
finished  product,  is  moved  in  lots  of  500  pieces,  this  quantity 
will  satisfy  the  assembly  for  50  work  days  and  will  be  de- 
spatched from  raw  materials  stock  at  that  frequency.  The 
same  frequency  will  obtain  at  each  station  on  the  route.  If 
each  assembly  lot  is  25  days  in  process,  then  5  lots  will  be  in 
process  at  all  times.  If  the  lot  is  in  process  15  days,  then  3 
lots  will  be  in  process  at  all  times.) 

Since  the  same  kind  of  machine  work  will  occur  on 
many  different  parts,  the  order  of  approach  of  the  parts  to 
the  machine  must  be  controlled.  The  parts  must  be  moved 
to  the  machines  and  be  recorded  at  the  machine  before  the 
work  order  is  given  to  the  operator.  If  machines  are 
grouped  the  material  must  be  delivered  to  the  location  of  the 
group  and  this  recorded  as  received.  The  first  free  operator 
in  the  group  must  then  be  given  the  part  next  due.  This 
action  is  readily  secured  by  dating  each  operation  job  card 
at  the  Control  Board,  which  insures  accurate  relative  order 
of  work.  The  jobs  for  a  given  group  of  machines  are  ar- 
ranged in  a  machine  job  card  box  in  the  order  of  these  dat- 
ings.  Despatch  boys  local  to  the  shops  are  held  strictly 
accountable  for  the  giving  out  of  jobs  to  the  operators  in 
the  order  of  dates.  Any  job  not  issued  by  a  given  hour,  on 
the  day  specified  is  marked  with  a  "Lot  Urgent"  card.  This 
card  is  signed  by  a  superior  in  the  Planning  Department,  and 
upon  this  signature  becomes  a  standing  order  to  the  superin- 
tendent and  foreman  to  provide  overtime  or  night  work  for 
the  job.  If  any  one  part  becomes  overdue  with  aggravating 
frequency,  or  if  a  machine  or  group  of  machines  is  con- 
stantly marked  with  urgent  cards,  the  Routing  Division  is 
called  into  consultation  to  advise  a  solution. 
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At  the  present  time  there  are  12,000  jobs  standing  in 
the  machine  racks.  There  are  an  average  of  600  jobs  started 
per  day.  There  are  450  urgent  tags  standing;  i.  e.,  one  day's 
extra  activity  of  the  working  force  would  bring  all  work  in 
the  shop  up  to  schedule. 

The  variations  in  hour's  work  on  overtime  or  night  shift 
is  slight.  We  conclude  from  this  and  from  the  fact  that 
final  product  follows  its  schedule  exactly,  that  average  errors 
in  operation  are  constant. 

We  also  conclude  that  if  no  urgent  tags  stood  against 
work,  that  the  investment  in  work  in  process  account  would 
be  excessive,  i.  e.,  we  would  be  ahead  of  schedule  on  pro- 
duced parts,  which  product  would  remain  in  an  unassembled 
state  lacking  finished  purchased  parts  for  its  completion. 

Scheduling  of  standard  lots,  coupled  with  sure  methods 
of  despatching  over  well  planned  routes  should  obtain  most 
beneficial  results  from  the  reduction  of  investment  charge  as 
well  as  the  delivery  of  salable  product. 

These  are  two  of  the  most  important  accomplishments 
in  factory  conduct.  Known  time  elements  are  fundamental 
for  this  conduct.  When  known  they  must  be  obtained  regu- 
larly in  practice. 

{Example:  Previous  to  the  control  of  our  factory 
work  by  the  above  plan,  the  work  in  process  investment  ac- 
count represented  three  and  one-half  cars  for  each  car  pro- 
duced per  month.  Now  it  is  one  and  one-tenth  cars  for  each 
car  produced  per  month ;  i.  e.,  we  turn  our  money  over  three 
times  as  fast  as  before.) 

Control  of  Tools 

Coincident  with  the  routing  of  operations  to  machines 
is  the  specification  of  tools.  These  include  jigs,  templates, 
gauges,  drills,  taps,  dies,  wrenches,  and  the  forms  and 
sizes  of  all  cutting  edges.  The  date  of  tools  due  in  tool 
rooms  is  specified  and  the  minimum  quantity  to  carry  en- 
tered on  the  tool  ledgers.  The  stock  is  maintained  there- 
after by  the  tool  ledger  requisition. 

As  each  job  comes  up  to  a  machine  the  tools  are  ordered 
out  to  agree  with  the  tool  list  for  the  operation.  These  are 
delivered  to  the  point  of  use,  a  signed  receipt  therefor  by  the 
floor  executive,  delivered  to  the  despatch  clerk  releases  the 
job  if  the  receipt  for  material  has  been  filed. 

After  tools  are  used  they  are  returned  to  the  tool  stock 
for  inspection,  shaping  of  cutting  edges  and  such  repairs  as 
are  deemed  necessar>'. 
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Control  of  Men 

Where  large  quantities  of  the  same  part  are  made  or 
where  the  limited  performance  of  a  special  machine  is  con- 
tinuous, men  are  naturally  employed  steadily  on  limited 
work.  This  limited  work  is  not  a  function  of  a  particular 
kind  of  plan,  but  rather  an  economic  specialization  as  is  true 
in  all  branches  of  industrial  activity  from  the  engineer  on  a 
limited  train  to  the  farmer  at  his  plow.  The  miles  to  go  or 
the  acres  in  the  field  limit  the  time  of  change  of  application 
of  effort. 

A  complete  knowledge  of  what  is  to  be  done  ^d  this 
taught  to  the  workmen  by  written  instruction  allows  quite 
unskilled  men  to  become  useful  productive  units.  So  many 
men  and  their  work  are  misfits  and  employing  men  for  what 
they  can  learn  to  do  and  not  for  what  they  know  makes 
rather  easy  the  task  of  the  employment  agent.  Employment 
centered  in  a  representative  of  the  chief  factory  executive, 
and  discharge  possible  only  upon  the  written  approval  of 
this  executive  secures  steady  permanent  workmen.  Wages 
sufficient  to  interest  them  in  outside  investments,  work  hours 
which  allow  them  time  to  supervise  and  enjoy  such  invest- 
"lent,  permanency  of  employment  assuring  the  continuity  of 
this  enjoyment  aid  materially  to  stabilize  the  force  and 
assure  a  steady  high  grade  output  with  much  happiness  in 
the  working  hours. 

{Example:  Of  the  force  now  employed,  20%  are  over 
50 years  of  age;  5%  over  60.  The  average  age  is  37.  The 
average  period  of  last  employment  for  the  whole  force  is 
four  years;  for  one-half  the  force  selected,  six  years.  It  is 
evident  from  this  that  the  labor  turnover  is  very  slight.) 

Control  of  Money 

The  index  of  successful  industrial  operation  which 
makes  comparable  various  kinds  of  work  and  various  kinds 
of  control  of  the  "same  is,  "money."  I  have  indicated  in  this 
connection  the  eflfect  of  this  work  on  investment  charges.  I 
wish  to  mention  briefly  the  effects  upon  other  prominent 
factors.  The  sale  price  of  an  improved  product  has  been 
decreased  30%,  caused  by  corresponding  decrease  in  the 
costs.  The  average  monthly  earning  of  labor  has  increased 
28%  and  is  still  rising.  Supervising,  or  indirect  costs,  have 
decreased  in  the  same  proportion  as  direct  labor  costs. 

The  control  of  money  spent  for  indirect  purposes  is 
obtained  through  a  supervisor  and  estimator,  who,  working 
from  accumulated  data,  contracts,  bids,  etc.,  is  able  to  specify 
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very  closely  the  cost  of  a  given  job.  After  proper  approvals 
and  the  work  is  finished,  the  frequent  checks  against  the 
work  in  process  and  the  final  result  are  referred  again  to 
the  estimate  and  the  experience  so  gained  is  applied  to  the 
next  work  of  a  similar  kind. 

Conclusion  :  It  has  not  been  the  writer's  intent  to  tell 
you  all  that  can  be  told  about  the  subject  of  intensive  con- 
trol of  manufacturing  work,  but  rather  to  indicate  the  ele- 
ments which  enter  into  such  intensive  control. 

We  have  had  many  visitors  to  our  works  from  nearby 
cities  and  there  may  be  some  among  the  readers  of  the  Pur- 
due Engineering  Review,  some  whom  it  has  been  our  pleasure 
to  entertain.  They  can  bear  me  out  in  the  statement  that 
many  days  could  be  spent  over  the  details  which  enter  this 
problem  and  then  perhaps  not  clearly  analyze  the  solution 
which  we  have  made  as  compared  to  their  own  problem. 

Time,  as  has  been  mentioned,  is  such  an  essential  in  the 
carrying  on  of  a  complex  business,  that  regardless  of  all  of 
the  activities  of  persons  hostile  to  time  study,  they  will  never 
stem  the  tide  of  the  flood  of  effort  and  thought  toward  a 
solution  of  this  problem  in  which  fact  will  supplant  opinion, 
and  true  knowledge  will  eliminate  the  fear  which  now  leads 
to  any  organized  opposition.  Premium  or  bonus  methods  of 
payment  are  not  essential  in  any  plan  of  Scientific  Manage- 
ment if  anything  can  be  substituted  therefor  which  will  cause 
a  task  set  by  known  facts  to  be  carried  out  regularly. 

I  feel  that  the  industrial  world  is  greatly  in  debt  to  Dr. 
Taylor  and  his  associates  who  have  assisted  in  the  promulga- 
tion of  these  principles,  and  although  the  way  in  which  they 
may  have  been  presented  may  not  appeal  to  some  persons, 
the  experiences  of  industries  which  have  tried  conscien- 
tiously to  carry  out  the  principles  without  change  will  sus- 
tain the  truth  of  the  statements  which  have  been  made  with 
respect  to  them. 
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THE  OPERATION  OF  THE  CONTROL  BOARD 

By  M.  J.  Golden* 

Synopsis:     SapplementlDs  the  expUuurtlon  of  the  eontrol  boards  Uliu- 
tnUed  In  the  preeedlns  Article. 

George  D.  Babcock,  of  the  class  of  1904,  now  Superin- 
tendent of  Production  of  the  H.  H.  Franklin  Mfg.  Company, 
of  Syracuse,  N.  Y.,  has  developed  a  method  of  inspection  of 
his  Production  Department  that  is  unique  and  exceedingly 
interesting;  a  scheme  by  which  he  tells  just  the  condition  of 
any  given  order  at  a  glance.  A  good  idea  of  the  method  can 
be  obtained  by  a  description  of  its  actual  operation  on  an 
order  at  the  time  of  the  writer's  inspection  of  the  system. 

An  order  for  400  machines  had  just  come  in  from  De- 
troit. This  order  was  divided  into  groups  with  17  machines 
in  each  group,  as  17  machines  could  be  carried  on  simul- 
taneously with  the  apparatus  that  was  available  in  the  shops. 

A  board  of  about  4  feet  x  12  feet  was  prepared  in  such 
way  that  small  blocks  of  wood  one-half  inch  square  could 
be  attached  to  the  face  of  the  board.  In  examining  the  de- 
tails of  construction,  the  particular  piece  that  took  the  great- 
est amount  of  time  was  placed  on  the  board  by  its  number 
and  letter  at  one  extremity  of  the  board  and  then  each  piece 
that  went  to  make  up  the  total  machine,  placed  on  the  board 
at  the  time  when  this  piece  must  be  started  to  have  it  fit  in 
with  the  construction  of  that  particular  group  of  machines. 

It  was  found  for  illustration  tliat  the  greatest  amount 
of  time  was  taken  by  one  of  the  small  pieces  that  went  to 
make  up  the  steering  post.  Then  this  piece  was  placed  at 
one  extremity  of  the  board  and  the  other  pieces  that  went  to 
make  up  the  machine  were  placed  each  in  its  proper  place  on 
the  board,  the  total  board  representing  the  time  from  the 
starting  of  the  machine  to  the  time  when  it  is  delivered  on 
the  floor. 

Now  the  board  is  divided  into  time  units.  Fifteen  units 
are  taken  for  the  unit  of  division.  An  inspection  of  the  board 
will  show  when  each  piece  of  the  machine  ought  to  be  com- 
pleted to  within  this  limit  of  fifteen  minutes.  If  at  the  end 
of,  say,  four  days,  the  pieces  that  ought  to  be  completed  at 
that  time  are  not  completed  and  properly  delivered,  an  in- 
spection of  the  board  will  show  that  fact,  as  on  the  comple- 
tion of  any  given  piece,  its  letter  and  number  are  taken  from 
the  board  at  once. 


•  Professor  of  Practical  Mechanics,   Purdue  University. 
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Now  in  the  orderly  procession  of  this  group  through 
the  shop,  if  any  one  piece  falls  behind,  an  inspection  of  the 
board  will  show  that  fact  at  once  because  the  block  contain- 
ing its  distinctive  mark  is  still  on  the  board,  whereas  if  the 
work  is  going  along  properly,  the  number  back  of  the  given 
date  ought  to  be  empty.  If  a  piece  does  fall  behind,  provision 
is  made  for  it  by  putting  it  in  as  night  work  until  it  is 
brought  up  to  its  proper  time. 

Now,  of  course,  the  particular  feature  of  this  scheme  is 
that  a  glance  at  the  board  will  tell  the  story  at  once  as  to 
whether  or  not  any  particular  order  is  coming  along  as  it 

should. 

At  a  time  when  a  boy  who  has  not  any  great  degree  of 
skill  starts  to  arrange  the  details  on  this  board,  there  is 
started  in  the  order  department  a  full  set  of  order  cards  and 
other  necessary  instruction,  and  reports  that  go  with  this 
particular  group  in  its  progress  through  the  shop  so  that 
before  the  work  is  started  in  the  shop  there  is  prepared  an 
inspection  board  and  a  complete  set  of  orders  and  instruction 
cards,  and  every  detail  of  the  work  is  anticipated. 

As  against  one  thousand  workmen  employed  in  the  shop 
|n  the  production  department,  there  is  a  clerical  force  slightly 
in  excess  of  one  hundred  employed  in  filling  out  order  blanks 
and  other  cards  that  go  with  the  particular  group  in  hand. 

An  idea  of  the  success  of  this  method  may  be  had  from 
these  incidents :  a  group  of  machines  that  had  been  in  pro- 
cess of  construction  during  seven  days  was  found  to  have 
tnree  small  items  that  had  dropped  behind,  and  an  inspection 
of  the  number  for  that  particular  group  showed  this  fact  at 
opce,  so  that  the  manager  was  able  to  provide  for  those  three 
Pieces  as  night  work  and  have  no  interruption  in  the  work 
later  at  the  time  of  assembly. 

As  an  incident  of  this  method  of  handling  work,  a  line 
?^  niaximum  production  with  the  use  of  the  apparatus  that 
^s  available  in  the  factory  is  established  after  considerable 
^^periment,  and  the  effort  with  each  group  is  to  approach 
this  line. 

Mr.  Babcock  assured  me  that  except  as  he  introduces 
n^w  schemes  in  the  shops,  though  production  manager, 
"^  is,  under  this  system,  one  of  the  least  busy  persons  in  the 
^tablishment,  and  an  inspection  of  the  scheme  will  develop 
at  once  why  this  is  so. 
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(BYom  Iron  Age) 

To  be  able  to  purchase  material  so  that  it  is  ready  at  the 
logical  time  for  machining  or  assembling  or  both  and  still  main- 
tain the  most  economical  investment  of  capital;  to  be  able  to 
issue  such  as  is  machined  to  the  ahop  at  the  proper  time  and  in 
most  economical  lot  sizes;  to  finish  the  parts  in  the  shortest  time 
consistent  with  good  workmanship,  and  finally  to  deliver  all  parts 
to  the  assembly  floor  and  insure  the  completion  of  the  finished 
car,  is  with  the  H.  H.  Franklin  Mfg.  Company  taken  care  of  to  a 
great  extent  by  the  Taylor  system  of  scientific  management  and 
the  control  boards  shown  are  used. 

A  motor  car  consists  of,  say,  two  parts;  the  vehicle  and  the 
power  plant  or  engine  in  the  vehicle.  Taking  the  engine  and 
carrying  the  process  of  division  further,  it  will  be  seen  that  the 
engine  consists  of  several  groups  of  parts  which  may  be  called 
divisions;  these  divisions  in  turn  comprise  groups  which  may  be 
called  sections;  the  sections  are  combinations  of  still  smaller 
groups  which  may  be  called  sub-sections,  and  so  on  down  to  the 
Individual  pieces.  To  illustrate,  the  carburetor  constitutes  some- 
thing which  may  be  assembled  complete  and  attached  to  the 
otherwise  complete  engine.  The  carburetor  division  may  consist 
of  three  or  four  sections  which  together  with  individual  parts  are 
assembled  and  constitute  the  complete  carburetor. 

The  boards  themselves  are  large  frames  containing  a  great 
number  of  horizontal  strips.  Across  the  top  of  each  frame  is  an 
adjustable  scale.  Sliding  up  and  down  the  frame  parallel  with 
the  strips  is  a  cross  piece,  or  runner,  also  having  adjustable 
scales  in  it. 

Elach  horizontal  strip  has  fastened  to  it  several  blocks.  A 
small  number  of  the  strips  are  white  In  color,  while  the  majority 
are  black.  Eiach  black  strip  represents  one  part  required  in  a 
finished  car,  while  each  white  strip  represents  an  assembly  of 
the  parts  on  the  black  strips  immediately  above  it  E^ach  of 
these  assemblies  forms  one  of  the  sub-divisions,  sections  or  divi- 
sions, previously  mentioned. 

Taking  any  one  black  strip,  it  Is  noted  that  there  are  several 
blocks  attached  to  it  at  different  intervals  along  its  length.  These 
blocks  represent  each  operation  of  a  finished  piece  from  the  time 
of  purchase  to  the  time  of  its  completion  ready  for  use  In  assem- 
bling the  car.  The  longer  blocks  at  the  left  hand  side  represent 
the  requisition  for  the  purchase  of  the  material  for  the  part,  the 
smaller  blocks  along  the  strip  represent  each  step  in  the  process 
of  the  part  and  the  long  strips  at  the  right  hand  end  represent 
the  finished  part.  The  spacing  of  these  blocks  and  the  length  of 
the  blocks  themselves,  is  to  a  predetermined  scale,  and  bears  a 
fixed  relation  to  the  top  scale  and  sliding  scales  previously  men- 
tioned. By  means  of  numbers  on  the  blocks  themselves  and  the 
values  of  these  numbers  as  compared  to  the  numbers  immedi- 
ately above  them  on  the  top  scale,  the  information  is  given  as  to 
whether  a  part  is  behind  or  ahead  of  schedule. 
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SHOP  CONTROL 

By  L.  W.  Wallace* 

Syii<H>>i«:  Showing  how  the  principle*  of  SclenUflc  BtanAsement  haTe 
been  •acceMfully  applied  by  the  H.  H.  Franklin  Mtg,  Co.  to  their  automo- 
bile repair  shop  thereby  reCatin^  the  itateniMit  that  this  modem  Idea  in 
management  cannot  be  i^yplled  to  industries  with  many  Tariables. 

At  the  suggestion  of  the  editors  the  following  remarks 
are  submitted  concerning  the  shop  control  methods  of  the 
H.  H.  Franklin  Mfg.  Company.  This  discussion  is  based 
upon  observations  made  at  the  Franklin  plant  in  Syracuse, 
upon  a  number  of  conversations  with  Mr.  Babcock,  and  by 
the  information  obtained  through  a  very  careful  study  of 
all  that  Mr.  Babcock  has  written  upon  the  subject  of  shop 
control. 

Before  entering  upon  a  discussion  of  the  subject  the 
writer  wishes  to  congratulate  the  Review  Editors  upon  se- 
curing such  a  timely  article  from  one  so  eminently  qualified 
to  write  it.  Mr.  Babcock  is  generally  recognized  as  one  of 
the  most  prominent  production  managers  who  is  practicing 
the  new  thought  in  management.  The  plant  over  which  he 
has  control  employs  more  men  than  any  other  plant  operat- 
ing under  Scientific  Management.  This  adds  emphasis  to 
any  statements  that  Mr.  Babcock  may  make  concerning 
modern  methods  of  shop  control.  The  achievements  of  Mr. 
Babcock  have  been  noteworthy.  His  work  has  been  con- 
structive and  unique.  His  control  boards  are  marvels  of 
conception  and  of  execution.  They  can  be  fully  appreciated 
only  through  a  careful  study  and  observation  of  them.  Pro- 
fessor Golden  has  indicated  some  of  their  significant  points. 
This  discussion  is  not  concerned  with  the  control  boards, 
however,  but  more  particularly  with  the  methods  used  in  the 
Automobile  Repair  Shops  of  the  Franklin  Company. 

Many  have  made  the  statement  that  Scientific  Manage- 
ment may  be  all  right  for  an  industry  of  uniform  product, 
quality  and  quantity,  but  that  it  will  not  apply  in  an  industry 
when  there  are  many  variables.  This  statement  has  been 
disproven  by  actual  practice  in  the  plant  of  the  H.  H.  Frank- 
lin Mfg.  Co.,  for  in  that  plant  three  separate  and  distinct 
lines  of  activities  are  conducted : 

One :  Motor  car  manufacture,  of  fairly  uniform  stand- 
ards and  requirements  as  to  design,  material  and  quantity. 


•  Professor  of  Railway   Engineering,   and  Industrial   Management.   Pur- 
due University. 
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In  the  second  case  the  manufacture  of  supply  parts, 
for  repairs,  which  parts  are  subjected  to  fluctuating  de- 
mands; the  demand  varying  both  in  quantity  and  pattern. 

Thirdly,  an  automobile  repair  shop,  where  the  demand 
is  much  more  varied  than  in  either  of  the  other  two  lines  of 
activity.  It  is  questionable  whether  there  could  be  an  indus- 
try more  variable  in  its  several  aspects  than  in  the  making  of 
repairs  to  automobiles.  If  in  the  presence  of  so  many  vari- 
ables such  standards  and  methods  can  be  adopted  as  to  facili- 
tate deliveries  according  to  promise  and  at  the  same  time  re- 
duce the  cost,  then  indeed  it  may  be  said  that  the  principles 
of  Scientific  Management  are  applicable  to  almost  any  in- 
dustry. 

To  apply  the  principles  of  Scientific  Management  to  an 
automobile  repair  shop  certain  things  must  be  done ;  certain 
facts  must  be  established.  One  of  the  first  things  to  be  done 
is  to  find  out  what  the  shop  can  do,  what  the  facilities  are 
and  what  the  capabilities  of  the  workmen  are. 

The  second  step  is  to  find  out  what  is  to  be  done,  and  to 
determine  the  relationship  between  the  several  operations  or 

processes. 

The  third  step  is  to  classify  the  jobs,  the  workmen  and 
to  perfect  the  organization  and  methods. 

To  determine  what  the  facilities  are  is  not  a  difficult 
task,  inasmuch  as  an  automobile  repair  shop  does  not  require 
a  large  assortment  of  physical  equipment.  Neither  is  it 
essential  or  feasible  to  establish  a  complete  or  satisfactory 
machine  burden  in  a  repair  shop  of  this  character.  Hence 
the  question  of  physical  equipment  does  not  require  a  great 
deal  of  attention.  But  in  such  a  shop  the  human  equipment 
becomes  of  prime  importance.  Hence  to  know  what  that 
element  of  the  shop  facilities  is  capable  of  doing  is  an  im- 
portant step.  In  the  Franklin  shop  this  was  arrived  at  by 
securing  a  written  statement,  from  each  employee  in  the 
repair  shop,  of  what  he  could  do.  By  this  means  the  qualifi- 
cations of  each  man  became  known.  The  men  were  then 
classified  into  groups  as  A,  B.  and  C.  This  grouping  was 
according  to  their  ability.  If  it  was  found  that  a  man  over- 
estimated or  'over-stated  his  qualifications  he  was  penalized 
by  being  reduced  two  grades.  If  on  the  other  hand  it  was 
found  that  he  could  do  work  in  an  upper  grade,  and  that 
50%  of  his  time  was  spent  on  such  work,  he  was  then  pro- 
moted to  the  higher  grade. 
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According  to  the  classification  used  each  man  was  capa- 
ble of  doing  all  the  work  in  his  grade  and  also  all  the  work 
in  the  grades  below  him.  He  was  paid  the  rate  of  his  highest 
grade,  however.  An  effort  is  made  to  keep  a  man  busy  in 
his  class,  for  that  is  the  work  for  which  he  is  best  fitted. 
Also  the  higher  the  grade  the  better  the  class  of  work 
assigned.  There  is  a  constant  incentive,  therefore,  for  the 
men  to  want  to  be  graded  higher,  because  of  the  higher  pay, 
more  agreeable  work  and  additional  prestige.  On  the  other 
hand,  there  is  a  motive  for  the  employer  to  raise  the  grade  of 
the  workmen,  because  it  makes  a  more  flexible  labor  condi- 
tion and  more  contented  and  happy  workmen.  Through  this 
classification  of  labor  the  men  are  required  to  work  on  jobs 
for  which  they  are  best  fitted ;  they  are  encouraged  to  push 
forward  and  are  rewarded  for  accomplishment. 

To  find  out  what  was  to  be  done  was  accomplished  by 
conferences.  In  these  conferences  the  foremen,  the  works 
manager,  and  the  superintendent  gave  their  opinions.  At 
first  the  conclusions  and  suggestions  were  very  divergent, 
but  as  time  passed  a  standard  was  arrived  at  by  which  each 
operation  was  classified  and  a  standard  time  set,  the  stand- 
ard time  being  established,  largely,  upon  record  of  past  per- 
formance. Having  the  men  and  the  jobs  classified  and  the 
time  required  for  each  operation  it  then  become  an  easy 
matter  to  work  out  certain  standard  methods  of  procedure. 

The  work  was  classified  into  nine  general  classes,  as 
follows : 


A. 

Foremanship  and  inspection, 

D. 

Road  jobs. 

G. 

Tune  up  and  road  tests. 

K. 

Overhauling. 

M. 

Light  repairs. 

P. 

Electrical  work. 

S. 

Body  and  accessories 

V, 

Stripping. 

X. 

Washing. 

The  arrangement  of  the  classes  of  work  was  in  the 
order  of  the  ability  and  training  of  the  workmen.  A  work- 
man who  could  do  Class  A  work  was  also  capable  of  doing 
all  the  work  required  in  the  classes  below  A  and  likewise 
for  each  class  of  workmen.  This  being  standardized,  a  de- 
spatch boy  could  give  out  work  to  men  as  they  came  to  the 
window,  knowing  to  what  class  each  man  belonged. 
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For  each  elemental  operation  of  each  class  of  work, 
detailed  instructions  were  prepared  as  to  how  to  proceed,  as 
to  tools  required  and  as  to  materials  and  parts  involved.  The 
part  numbers  are  shown  on  the  instruction  card,  so  the  work- 
man loses  no  time  in  instructing  the  material  boy  as  to  what 
is  required. 

In  the  preparation  of  the  instruction  cards  the  men, 
that  is,  the  workmen,  are  encouraged  to  give  suggestions.  In 
fact  many  of  the  instruction  cards  have  been  prepared  by 
the  workmen  at  their  homes  at  night  and  at  off  hours.  For 
such  work  the  company  pays  them  liberally.  Complete  and 
detailed  records  have  been  kept  from  the  beginning  of  the 
new  order  of  things.  Through  the  study  and  analysis  of  this 
information  improvements  are  being  made  constantly. 

With  the  organization  perfected  as  outlined,  a  cus- 
tomer drives  in.  The  superintendent,  with  an  inspector  and 
the  owner  makes  an  inspection  of  the  car  and  agree  upon 
what  is  to  be  done.  The  superintendent  makes  out  a  route 
sheet  which  shows  the  customer's  name  and  order  number, 
estimated  date  and  hour  of  delivery  and  a  statement,  in 
paragraphs  with  symbols,  of  each  element  of  the  job.  Ac- 
cording to  the  standard  classification,  this  route  sheet  be- 
comes an  agreement  as  to  what  is  to  be  done  and  it  is  also  a 
work  order  for  jthe  job.  The  owner  is  given  a  copy  or  one 
is  mailed  to  him  promptly.  No  work  is  done  on  the  car  that 
is  not  specified  on  the  route  sheet,  until  the  owner's  consent 
is  obtained. 

As  the  superintendent  made  out  the  route  sheet  he  noted 
on  the  margin  the  required  time  for  each  elemental  operation 
and  the  allowance  time  between  each  operation.  With  the 
date  of  delivery  set,  the  time  to  begin  work  on  each  elemental 
operation  could  be  set,  even  to  the  hour,  in  order  to  have  the 
car  ready  for  delivery  at  the  time  specified. 

The  route  sheet  was  then  sent  to  the  planning  room, 
where  the  Route  File  Clerk  immediately  translated  the  order 
and  wrote  a  job  card  for  each  operation  and  symbolized  it 
according  to  the  standard  classification.  The  job  card  con- 
sisted of  three  copies ;  the  face  copy  being  a  small  coupon ; 
the  second  copy  an  inspector's  and  move  ticket ;  and  the  third 
a  workman's  job  card. 

The  job  cards  were  then  put  in  boxes  in  the  despatch 
racks,  especially  arranged  as  follows : 

A  special  box  was  prepared  for  each  class  of  work. 
This  box  had  two  compartments.  In  the  front  compartment 
were  placed  all  job  cards  for  the  jobs  ready  to  be  done.    In 
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the  back  compartment  were  placed  the  job  cards  that  were 
written  but  jobs  that  were  not  ready  to  be  worked  upon.  In 
the  cover  of  each  box  was  a  compartment  for  the  name  of 
each  man  enlisted  in  that  class  of  work.  The  arrangement 
of  the  names  of  the  men  in  these  compartments  was  in  the 
order  of  their  ability. 

After  the  job  cards  were  written  they  were  given  to  a 
despatch  clerk  who  placed  them  in  the  correct  compartments. 
As  a  man  completed  a  job  he  would  turn  in  his  job  card. 
The  clerk,  knowing  to  which  class  of  work  he  was  assigned, 
handed  the  workman  the  first  job  card  in  the  box  of  his 
class.  As  the  job  cards  were  arranged  strictly  according 
to  date,  the  job  card  of  the  job  needing  the  most  immediate 
attention  would  be  given  out.  If  there  was  no  work  to  be 
done  in  the  class  to  which  the  workman  belonged  he  would 
then  be  given  the  first  card  in  the  next  lower  class.  The 
despatch  clerk  would  not  have  to  seek  authority  for  this  as 
that  is  a  standing  rule  and  practice. 

If  on  the  other  hand  a  job  was  urgent,  that  is,  behind 
schedule  or  the  owner  was  waiting,  then  an  urgent  tag  would 
go  on,  which  would  mean  that  the  man  who  was  rioging  in 
on  one  job  would  be  assigned  this  urgent  job,  although  it 
was  in  a  class  below  his  own,  and  notwithstanding  any 
orders  that  might  be  ready  in  his  own  cl&ss.  Indeed,  an 
urgent  tag  always  implies  that  immediate  steps  must  be 
taken  to  start  some  one  to  work  on  that  job.  This  may 
mean  the  causing  of  a  man  to  ring  in  on  an  assigned  job 
before  completed  and  take  up  the  urgent  one.  By  this  sys- 
tem the  schedule  is  maintained  and  the  cars  are  delivered 
according  to  date  and  hour  promised. 

An  hourly  inspection  is  made  of  the  bulletin  board.  By 
this  inspection  any  orders  behind  schedule  are  discovered 
and  an  urgent  tag  is  attached.  At  four  o'clock  each  day  the 
jobs  to  be  worked  upon  are  inspected  as  to  dates.  If  any 
of  importance  are  behind  schedule  an  urgent  card  is  placed 
upon  them.  The  bulletin  board  is  marked  to  correspond 
and  curves  are  plotted  which  show  to  the  superintendent  the 
condition  of  orders.  By  the  indications  of  these  curves  he 
is  enabled  to  better  schedule  the  work. 

As  a  result  of  the  methodls  briefly  discussed,  many  ad- 
vantages have  occurred : 

The  superintendent  has  time  in  which  to  meet  customers 
and  to  deal  with  them  with  satisfaction. 
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The  workmen  are  assigned  work  for  which  they  are 
best  qualified.  There  is  little  time  occupied  in  determining 
what  is  to  be  done  and  in  getting  it  done. 

The  customer  is  not  annoyed  by  not  getting  his  car 
when  promised,  as  the  schedule  is  lived  up  to  in  about  90 
per  cent,  of  the  cases  and  this  percentage  is  increasing. 

The  workmen  are  encouraged  to  reach  higher  standards 
and  to  become  fitted  to  do  a  better  grade  of  work. 

The  cost  of  repairs  has  been  reduced. 

The  demands  upon  the  shop  have  become  more  uni- 
formly distributed  throughout  the. day  and  the  year.  A 
special  repair  price  of  30  per  cent,  reduction  is  given  on  all 
repairs  made  in  winter  months,  that  period  when  motor 
service  is  least. 

These  and  other  satisfactory  results  have  been  obtained, 
which  serve  to  demonstrate  that  the  principles  of  Scientific 
Management  can  be  successfully  applied  to  a  shop  where 
many  variables  prevail. 


Campus  view  Purdue  University. 
Practical  Mechanics  Building  in  background. 
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WHITE  SUOAB— CANE  OR  BEET? 

By  Albert  Hugh  Bryan,  '98.* 

Synopsis:  Thi«  paper  pre««iit«  the  reaaons  advuiced  by  one  of  the 
leading  authorities  on  the  wngmr  industry  in  tills  country,  wliy  l>cM  sujrar 
will  produce  as  satisfactory  results  as  those  obtained  from  tlie  use  of  cane 
surar.  For  those  readers  who  liaTc  been  under  the  impression  that  the 
beet  suirm*  is  not  as  sweet,  that  It  prevents  the  Jellyinir  of  fruits,  tliat  It 
produces  discolored  "fondant/*  and  is  generally  Inferior  to  cane  su^ar,  this 
article  should  produce  a  dian^ed  viewpoint. 

To  the  layman,  sugar  means  white  granulated  sugar, 
while  to  the  chemist  it  also  signifies  the  sugar,  sucrose,  which 
is  the  predominant  sugar  in  ordinary  white  sugar.  Common 
usage,  covering  many  years,  has  added  the  word  "cane"  to 
the  word  "sugar"  from  the  fact  that  the  tropical  or  semi- 
tropical  sugar  cane  produced  all  of  the  sugar  of  commerce. 
In  later  years  the  words  "Cane  Sugar"  have  been  applied 
also  to  the  white  sugar  produced  from  sugar  beets,  since  the 
two  products  seemed  identical. 

Today  it  is  an  open  question  whether  the  terming  of 
beet  white  sugar  as  cane  sugar  is  correct ;  especially  is  this 
so  when  one  considers  that  white  sugar  from  beets  is  quoted 
at  from  10  to  20  cents  per  100  pounds  less  than  that  made 
from  sugar  cane,  and  also  in  view  of  the  fact  that  many 
users  of  beet  sugar  claim  that  it  is  inferior  to  cane  sugar. 
This,  however,  is  a  question  of  labelling  under  the  various 
pure  food  acts. 

The  various  views  held  regarding  beet  and  cane  by 
users  of  sugar  are  interesting  and  I  desire  to  present  a  fev^r 
of  these,  trying  to  show  their  relations  to  the  product. 

Chemically  considered,  white  sugar  from  these  two 
sources  contains  practically  the  same  percentage  of  sucrose, 
viz.,  99.5%  to  99.8%  ;  the  same  percentage  of  moisture,  viz., 
.05%  to  .20% ;  the  same  percentage  of  mineral  matter,  viz., 
.05%  to  .20%,  and  the  same  percentage  of  undetermined 
matter,  viz.,  .05%  to  .20%.  Then  it  would  be  reasonable  to 
believe  that  they  have  the  same  sweetness. «  However,  there 
are  persons  who  claim  that  beet  sugars  are  less  sweet  than 
cane  sugars.  The  sweetness  of  a  product  is  due  to  the 
substance  itself  and  also  to  the  quickness  of  solution  in  the 
mouth.  The  ease  of  solution  is  regulated  to  a  great  extent 
by  the  hardness  of  the  crystals  of  the  sugar.  A  manufac- 
turer can  easily  regulate  the  temperature  of  "graining"  and 
finishing,  thereby  producing  a  hard  or  comparatively  soft 
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crystal,  so  one  can  reason  back  that  beet  white  sugar  and 
cane  white  sugar  of  the  same  degree  of  purity  should  not 
differ  in  sweetness. 

As  regards  color  of  the  sugar,  some  claim  they  can 
distinguish  one  from  the  other  by  this  means.  At  the  start 
of  the  beet  sugar  industry,  the  policy  seemed  to  be  to  pro- 
duce a  sugar  that  would  be  merchantable  with  no  idea  of 
standardizing  the  color,  grain,  etc.  As  a  result  it  became 
popular  practice  to  "blue"  the  sugar  so  as  to  make  a  market- 
able white  sugar.  In  doing  this,  many  times  the  product 
was  so  heavily  "blued"  that  on  solution  in  water  the  insoluble 
blue  (ultramarine)  came  to  the  surface  as  a  scum.  This 
then  led  users  to  claim  that  beet  sugar  was  always  heavily 
blued  and  thus  inferior.  Partly  on  account  of  this  trouble, 
and  also  on  account  of  food  laws,  the  practice  of  blueing  of 
sugar,  especially  in  such  noticeable  quantities,  was  stopped. 
Today  when  blue  is  used,  it  is  in  very  small  percentages. 
Users  of  blue  claim  that  a  dead  white  sugar  is  livened  by 
blue  and  it  does  not  conceal  any  inferiority  in  the  product ; 
hence  they  argue  for  its  use.  In  a  general  way,  the  color 
of  a  sugar  is  regulated  by  the  size,  evenness  and  clearness  of 
the  crystals.  All  of  these  can  be  regulated  in  the  boiling  of 
a  sugar,  so  one  would  not  expect  to  find  any  striking  dif- 
ferences between  white  sugar  from  these  two  sources. 

Another  contention  of  users  of  sugar,  especially  among 
makers  of  jellies,  marmalades,  etc.,  which  seems  to  have 
little  weight,  is  this:  that  beet  sugar  prevents  the  jellying  of 
fruits,  also  with  its  use  there  is  a  larger  percentage  of  loss 
by  fermentation  in  the  finished  products.  The  jellying 
properties  of  a  fruit  juice  are  due  practically  wholly  to  its 
pectin  content.  If  this  is  not  sufficient  or  if  the  bodies  form- 
ing this  general  class  are  not  correct  ones,  no  fruit  juice  will 
congeal.  Commercial  manufacturers  often  treat  fruit  juice 
with  phosphoric  acid  or  some  other  acid  to  change  these 
pectin  bodies  into  the  proper  form  or  condition  to  produce 
^  jelly.  Sugar  seems  to  play  no  part  in  this  system.  As 
regards  fermentation,  if  a  certain  sugar  produces  a  fer- 
mentation in  fruit,  this  evidently  is  due  to  contamination  of 
the  sugar  after  it  leaves  the  factory  and  is  not  an  inherent 
<iuality  of  the  sugar,  for  in  the  course  of  manufacture  of 
the  two  products  the  temperature,  which  is  high,  is  practic- 
ally the  same  in  beet  and  cane  work.  The  other  point  often 
made  in  this  connection,  viz.,  that  with  beet  sugar  the  fin- 
ished jelly  or  preserves  will  show  more  crystallization  of 
sugar  than  when  cane  sugar  is  used,  may  or  may  not  have 
weight.    Crystallization  in  the  finished  product  is  due  to  a 
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supersaturation  of  sugar.  This  supersaturation  is  just  as 
liable  to  occur  with  beet  as  with  cane  sug^r  if  too  much 
sugar  has  been  used.  If,  however,  the  fruit  juice  was  acidic, 
thus  causing  a  slight  inversion  or  breaking  down  to  the 
simple  sugars,  dextrose  and  levulose,  during  the  boiling, 
the  use  of  one  lot  of  sugar  might  show  crystals  in  the 
finished  product  more  than  with  another  lot,  due  to  the 
neutralization  or  partial  neutralization  of  the  acid  by 
the  salts  or  ash  in  the  sugar.  That  the  quantity  of  ash 
does  influence  the  results  is  evidenced  when  making  com- 
mercial invert  sugar  by  heating  sugar  with  a  very  small 
percentage  of  acid,  in  that  certain  sugars  take  much  more 
acid  than  others  to  produce  the  same  degree  of  inversion 
with  the  same  heat  in  the  same  time.  For  inversion  pro- 
cesses, then,  a  variation  in  the  content  and  kind  of  ash  may 
play  an  important  part  in  the  manufacturing  of  a  product. 
One,  however,  seldom  considers  the  ash  content  of  white 
sugars  as  an  important  determination.  As  to  whether  or  not 
beet  sugars  contain,  as  a  rule,  more  ash  than  cane  and  hence 
are  not  interchangeable  in  these  manufacturing  processes, 
no  one  can  say  off  hand,  as  there  are  not  sufficient  results 
available. 

The  candy  maker  is  often  heard  to  say  that  he  cannot 
use  beet  sugar  in  making  "fondant"  or  hard  white  candies 
for  the  reason  that  the  product  is  always  colored,  generally 
yellow  or  brown.  This  darkening,  which  is  evidently  pro- 
duced by  the  heat  necessary  for  concentration,  is  due  to  the 
class  of  substances  we  speak  of  as  undetermined  in  our 
general  analysis.  This  condition  may  also  result  when  using 
cane  sugar,  for  experimental  work  has  shown  that  some 
lots  of  cane  white  sugars  will  also  produce  dark  colored 
white  candies.  The  candy  maker,  then,  who  desires  white 
candies  has  either  to  try  out  experimentally  the  various  lots 
of  sugar  that  he  buys  or  obtain  certain  grades  for  his  work. 

These  impurities  make  themselves  felt,  or  are  the 
reason  for  the  excessive  foaming,  when  bringing  large 
batches  of  sugar  into  solution  in  water  and  they  cause  the 
varying  quantities  and  qualities  of  the  scum  noted  when 
using  varying  lots  of  sugar.  The  cloudy  appearance  of  a 
clear  sugar  syrup  after  standing  some  time  is  also  due  to 
these  impurities.  And  again,  certain  of  these  unestimated 
impurities  may  be  the  cause  of  the  bleaching  of  the  delicately 
colored  fruit  when  preserved  in  sugar  syrup,  which  is  more 
noticeable  at  ope  time  than  at  another.  Whether  these  con- 
ditions are  greater  when  using  white  beet  sugar  than  when 
using  cane  sugars  needs  further  careful  demonstration. 
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These  considerations,  however,  should  open  a  new  field 
of  research  which  might  lead  to  a  more  careful  sugar  manu- 
facture and  to  a  more  careful  and  extensive  examination  by 
the  chemist  of  the  individual  lots  of  sugar. 

In  closing,  there  is  one  point  in  this  contention  that 
often  goes  unchallenged,  viz.,  that  beet  sugar  abroad  is  used 
almost  wholly  for  all  purposes  without  any  of  these  troubles. 
Hence,  American  beet  sugar  should  do  the  same.  In  the 
United  States  beet  sugar  is  made  direct  from  the  sugar  beet 
with  a  single  crystallization,  while  abroad  raw  sugar  is  made 
direct  from  the  beet  and  this  is  dissolved,  treated  in  the 
refining  process,  then  crystallized ;  hence,  it  is  the  product 
of  a  second  crystallization.  Second  crystallization  should 
yield  a  purer  product.  It  may  or  may  not,  but  it  does  give 
a  different  composition  of  impurities  in  that  class  of  unde- 
tennined  matter  which  the  chemist  of  today  seldom  in- 
vestigates. The  American  cane  sugar  today  is,  with  the 
exception  of  a  small  amount  produced  in  Louisiana,  the 
result  of  a  double  crystallization  or  has  been  made  into  raw 
sugar  and  then  refined. 
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COASTING  RECORDEBS  FOR  CHECKINO  ELECTRIC 
CAB  OPERATION  EFFICIENCY 

By  C.  C.  Chappelle* 

StuopsIs:  Explslninr  how  Coasting  B«oordera  for  ehockinK  elociile 
car  operating  effldancy  have  brooiriit  about  net  savtngs  of  from  $60.00  to 
$200.00  per  year,  and  how  the  most  efficient  car  speed  ae  well  as  the  motor- 
man's  pay  time  is  obtained  from  the  Coasting  Recorder  card. 

The  analysis  of  the  fundamental  principlesf  involved 
in  operating  any  given  car  and  its  equipment,  of  given  gear 
ratio,  under  given  conditions,  establishes  the  following : 

(a)  Efficiency  in  the  operation  of  a  given  electric  car 
and  its  given  equipment  is  solely  dependent  upon  the  efficient 
utilization  of  certain  controlling  time-element  factors. 

(b)  The  efficient  utilization  of  these  time-element  fac- 
tors is  measured  by  the  coasting  time  and  the  per  cent, 
coasting,  for  the  varying  conditions  encountered  in  prac- 
tical operations. 

(c)  For  any  existing  or  adopted  schedule  speed,  on 
any  electric  railway,  increase  in  the  coasting  time  means  in- 
crease in  efficiency  and  a  schedule  speed  to  be  economical 
must  permit  of  possible  coasting  time. 

(d)  For  a  given  car  and  its  equipment,  there  is  a 
most  economical  schedule  speed,  dependent  upon  traffic  con- 
ditions and  the  relative  unit  costs  for  power  and  platform 
labor  expenses ;  such  economical  schedule  speed  has  a  cor- 
responding resultant  per  cent,  coasting;  if  the  schedule 
speed  approaches  the  economical  schedule  speed  for  the 
traffic  conditions,  the  corresponding  resultant  per  cent, 
coasting  shows  relatively  slight  variations  for  the  ranges  of 
traffic  conditions  usually  encountered  in  practical  operations. 

From  the  foregoing  it  is  apparent  that  the  per  cent, 
coasting,  determined  by  measuring  the  coasting  time,  is 
the  correct  relative  measure  of  efficiency  in  car  operation 
under  conditions  encountered  in  practice  and  that  the  per 
cent,  coasting  is  the  proper  basis  for  a  correct  method  effi- 
ciency checking  system. 

The  Rico  Coasting  Recorder  (Fig.  i)  is  essentially  a 
clock  mechanism  of  simple  and  rugged  design,  so  constructed 
and  connected  by  suitable  electric  relay  with  the  car  wiring 
and  brake  equipment  as  to  measure  and  print  the  time  dur- 
ing which  the  car  is  in  motion  with  "power  off"  and  "brakes 


•  Consulting  Engineer  and  Vlce-Pres.,  The  Railway  Improvement  Co., 
New  York,  N.  Y. 

t  For  the  analysis  of  these  principles,  the  reader  is  referred  to  an 
article,  by  the  author,  in  the  Electric  Railway  Journal.  Jan.  16,  1916, 
entitled — "Fundamental   Principles   of  Car  Operation  Bfriclency." 
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oflF,"  or  in  other  words  the  coasting  time.  From  the  coast- 
ing time  the  per  cent,  coasting,  i.  e.,  the  ratio  of  the  schedule 
time  to  the  coasting  time  is  determined.  The  Rico  Coasting 
Recorder,  therefore,  meets  the  requisites  for  a  correct  effi- 
ciency checking  system. 

The  resuhs  obtainable  in  practical  operations  by  the 
Rico  Coasting  Recorder  utilized  as  an  efficiency  checking 
system  may  be  summarized  as  follows : 

L   EFFECT  ON  POWER: 

1.  A  saving  in  power  consumption ;  the  percentage  of  sav- 

ing in  power  being  approximately  directly  propor- 
tional to  the  increased  percentage  of  coasting.  (See 
Table  I.) 

2.  A  lowering  of  the  peak  on  the  power  station. 

a.  Due  to  the  decrease  in  average  power  consump- 

tion per  car  per  hour  of  operation. 

b.  Due  to  the  motorman's  time  in  accelerating  the 

car  becoming  more  uniform  and  approximat- 
ing the  calculated  acceleration  time,  based  on 
the  motor  equipment  characteristic  perform- 
ance for  the  established  schedule  speed  and 
traffic  conditions. 

D-   EFFECT  ON  BRAKE  SHOE  MAINTENANCE: 

Due  to  saving  in  direct  brake  shoe  wear.  As  the  energy  to 
be  dissipated  in  brakes  varies  as  the  square  of  the  speed  at 
the  time  of  applying  the  brakes,  therefore,  as  a  portion  of 
the  energy  stored  in  the  car  is  utilized  in  coasting,  the 
speed  at  the  time  of  applying  the  brakes  is  less,  with  a 
resultant  reduction  in  the  energy  to  be  dissipated  by  the 
brakes. 

DL   EFFECT  ON  EQUIPMENT: 

1.  Decrease  of  armature  and  other  motor  troubles  due  to 

smaller  rise  in  temperature,  resulting  from  lower 
average  amperes  passing  through  the  motor.   . 

2.  Decrease  in  wear  and  tear  on  equipment  in  general,  re- 

sulting also  in  saving  in  maintenance  and  renewals 
of  wheels,  gears,  etc. 

^'   EFFECT  ON   RUNNING  TIME: 

The  regular  running  time  is  made  more  uniform  per  trip 
and  closely  approximates  the  schedule  running  time,  due 
to  the  system  of  checking  by  the  use  of  the  Rico  Coasting 
Recorders. 

V.   EFFECT  ON  ACCIDENTS: 

Decrease  of  accident  liability. 

a.  Due  to  lowering  of  maximum  attained  speed,  hence 

resulting  in  more  uniform  speed. 

b.  Due  to  more  uniform  braking. 
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c.  Due  to  power  being  on  a  smaller  percentage  of  the 

time,  thus  leading  to  one  less  operation  to  stop  or 
reverse  the  car  as  necessity  may  demand. 

d.  A  motorman  to  obtain  maximum  coasting  time  must 

at  all  times  be  on  the  alert  to  avail  himself  of  all 
opportunities;  therefore,  as  a  natural  deduction 
the  motorman  ceases  to  be  an  automaton.  He  be- 
comes a  thinking  operator  on  the  alert  at  all  times. 
Hence  under  these  conditions  accidents  to  pedes- 
trians and  traffic  vehicles  will  diminish. 
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The  consideration  of  the  principles  involved  in  the  at- 
tainment of  car  operation  efficiency  shows  that  all  the  time- 
element  factors,  determining  and  controlling  efficiency  are 
not  within  the  control  of  the  motorman.  For  illustration, 
the  motorman  has  only  part  participation  in  the  resultant 
duration  of  stops,  and  the  schedule  speed  and  number  of 
stops  are  wholly  determined  by  others  and  by  the  traffic  con- 
ditions. 

The  attainment  of  possible  efficiencies  in  car  operation 
means  in  practice  not  only  improvement  in  the  efficiency  of 
the  motorman,  for  any  existing  schedule  speeds  and  traffic 
conditions,  but  also  means  the  accomplishment  of  additional 
attainable  efficiencies  through  economical  schedule  speeds 
based  on  the  analysis  of  the  accurate  record  of  traffic  condi- 
tions for  each  hour  and  minute  of  each  car  on  every  line  or 
route  of  a  railway  system. 

The  Rico  Coasting  and  Service  Recorder  (designated 
for  commercial  abbreviation  Rico  C.  &  S.  Recorder)  is  a 
recent  development,  based  on  the  essential  features  of  the 
Rico  Coasting  Recorder,  modified  in  design  to  give  in  printed 
card  form  the  essential  factors  encountered  in  practical  oper- 
ations effecting  car  operation  efficiency.  Figs.  II,  III  and 
^y  show  respectively  exterior  and  interior  views  and  fac- 
simile of  record,  of  the  Rico  C.  &  S.  Recorder. 

Referring  to  Fig.  IV,  from  left  to  right,  the  form  card 
record  shows  for  each  trip  of  a  run  or  between  any  desig- 
nated points  for  which  the  information  is  desired,  the  fol- 
lowing : 

Column  S.    The  record  of  the  total  number  of  stops. 

Column  S.  T.  The  record  of  the  aggregate  total  time  in 
minutes  consumed  by  th^e  total  number  of  stops. 

Column  C.  T.    The  coasting  time  in  minutes. 

Column  R.  T.  The  actual  total  running  time  in  minutes, 
including  in  such  total  the  aggregate  stopping  time. 
(Column  S.  T.) 

Column  Badge  No.  The  badge  number  of  the  motorman 
operating  the  car  when  the  record  was  obtained. 

Colunm  Car  No.  The  number  of  the  car  on  which  the 
record  was  taken. 

Colunm  Trip  No.,  at  the  extreme  right,  is  self-explana- 
tory. It  acts  as  a  guide  and  gage  to  the  motorman 
for  placing  the  records  consecutively  on  the  form 
card. 

The  columns  S.,  S.  T.,  C.  T.  and  R.  T.  are  totaled  for 
the  motorman's  daily  operation  and  entered  as  indicated. 

The  form  card  can  be  arranged  with  space  at  the  bot- 
tom, as  shown  in  Fig.  IV,  for  entry  by  the  time  clerk  of  the 
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motorman's  pay  time,  for  the  day.  This  entry  can  be  made 
by  the  time  clerk,  or  by  an  automatic  time  clock,  showing  the 
day  of  the  month  and  the  motorman's  exact  time  on  and  off 
duty,  leaving  only  the  footing  of  his  automatic  record  of  pay 
time  to  be  entered  by  the  time  clerk,  as  shown  on  Fig.  IV. 
This  particular  motorman's  total  pay  time  for  November  25, 
191 5,  was  580  minutes  or  9  hours  and  40  minutes  for  the 
day. 

The  Rico  C.  &  S.  Recorder,  it  is  apparent,  possesses  all 
the  advantages  and  results  obtainable  from  the  Rico  Coast- 
ing Recorder,  but  it  also  makes  available  for  utilization  in 
the  determination  of  economical  schedule  speeds  and  for 
analysis  of  the  equities  of  standards  for  service,  the  con- 
stant, accurate  and  automatic  record  of  the  vital  factors  of 
varying  traffic  conditions. 

The  operations  required  to  obtain  the  record  are  quickly 
made  and  "fool-proof."  In  making  the  record,  all  the  type 
dials  return  to  zero  position  for  each  dial  after  making  each 
trip  or  desired  period  record,  thus  facilitating  the  clerical 
work  required  in  making  any  desired  footings  for  analysis. 
As  the  record  is  on  a  card,  it  is  more  convenient  for  hand- 
ling, reference  and  preservation  than  the  tape  form  record 
used  in  the  Rico  Coasting  Recorder. 

With  the  Rico  C.  &  S.  Recorder  record  available,  the 
correct  measure  of  the  motorman's  efficiency  is  not  only 
shown  by  his  per  cent,  coasting,  but  the  data  are  available  to 
check  his  actual  efficiency  with  the  obtainable  efficiency  for 
the  schedule  speed  under  the  recorded  traffic  condition  fac- 
tors. 

The  Rico  C.  &  S.  Recorder  removes  the  construction  of 
economical  schedule  speeds  from  the  realm  of  experimental 
determination  and  guess-work,  as  the  data  are  available  for 
the  schedule  builder  to  determine  the  economical  schedule 
speeds  which  will  fit  the  available  equipment  for  the  actual 
traffic  conditions. 

The  Rico  C.  &  S.  Recorder  records  make  available  the 
data  for  determination  of  the  suitability  of  the  gear  ratio  of 
the  equipment  from  the  record  of  the  traffic  condition  re- 
quirements. 

The  records  of  the  number  of  stops  and  duration  of 
stops,  in  connection  with  the  passenger  record  data,  can  be 
utilized  to  determine  the  efficiency  in  practical  operations  of 
entrance-door  designs,  step  heights,  seating  arrangements, 
etc.,  thus  giving  definite  data  for  determining  their  adoption. 
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Similarly,  the  adaptability  and  advantages  of  high  efficiency 
bearings,  methods  for  lubrication,  etc.,  can  be  checked,  hav- 
ing the  schedule  running  time,  coasting  time,  etc.,  obtainable 
therewith  in  automatically  printed  record  from  the  car  or 
cars  so  equipped  for  comparison  with  similar  records  on  the 
existing  car  equipment. 

The  consideration  of  the  record  (Fig.  IV)  from  the 
Rico  C.  &  S.  Recorder  will  doubtless  suggest  to  operating 
executives  its  availability  for  checking  many  other  features 
encountered  in  practice. 
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The -result  of  interest  to  the  operating  executive  staflE 
of  a  railway  is  the  largest  practicable  reduction  of  power  at 
the  source  of  supply,  where  the  cost  of  power  originates. 
Such  result  can  be  obtained  only  by  a  constant  and  consistent 
checking  of  the  motorman's  efficient  utilization  of  the  con- 
trolling time-element  factors. 

The  efficient  utilization  of  the  controlling  time-element 
factors  is  relatively  correctly  measured  for  any  and  all  con- 
ditions of  practical  operation  by  the  coasting  time ;  any  in- 
crease in  coasting  time  (with  schedule  speed  maintained) 
means  more  efficient  utilization  of  the  controlling  time-ele- 
ment factors  and  consequently  a  reduction  in  power. 

When  equipped  with  the  Rico  Coasting  Recorder  or 
Rico  C.  &  S.  Recorder  Efficiency  Checking  System,  the 
motorman  (maintaining  schedule  speed)  has  to  deal  only 
with  the  increase  of  his  coasting  time,  which  is  automatically 
recorded  in  printed  form  for  each  trip.  Thereby,  he  obtains 
the  correct  relative  measure  of  existing  efficiency — a  guide 
and  monitor  for  him  and  record  data  for  the  executive  staflf 
to  compare  with  possible  efficiency. 

The  operating  results  of  more  than  8,000  cars  (on 
thirty-seven  railways)  whose  operations  are  checked  with 
the  Rico  Coasting  Recorder  efficiency  checking  system,  are 
available.  These  results  show  10%  to  25%  reduction  in  the 
power  used  for  traction  purposes,  15%  to  45%  reduction  in 
brake  shoe  maintenance  and  a  material  though  less  tangible 
reduction  in  niotor  equipment  maintenance  and  accident 
liability. 

The  results  obtained  by  railway  companies  utilizing  the 
Rico  Coasting  Recorder  efficiency  checking  system,  show  net 
savings,  after  deducting  maintenance  and  operating  expenses 
for  the  Rico  equipment,  ranging  from  $50.00  to  $200.00  per 
car  per  year,  dependent  upon  the  conditions  of  operation,  the 
cost  of  power,  etc.  The  analysis  of  results  obtained  in  prac- 
tice indicate  that  for  the  conditions  of  the  average  company, 
approximately  the  entire  cost  of  the  Rico  Coasting  Recorder 
equipment  can  be  saved  each  year  of  its  operation.  The 
utilization  of  the  Rico  C.  &  S.  Recorder  now  oflfered  for 
commercial  use  should  make  possible  even  greater  net  sav- 
ings. 

Nearly  two  score  of  electric  railways  utilizing  the  Rico 
Coasting  Recorder  as  an  efficiency  checking  system,  repre- 
sent the  widest  possible  range  of  topography,  of  speed,  of 
congestion  in  traffic,  car  and  train  service,  and  of  labor  con- 
ditions. 
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The  success  and  practicability  of  the  Coasting  Recorder, 
therefore,  is  independent  of  local  physical  and  operating  con- 
ditions. It  is  easier  to  create  than  to  maintain  enthusiasm ; 
the  Coasting  Recorder  not  only  creates  but  maintains  en- 
thusiasm. 

Table  I 

The  Ratio  of  increase  "Per  cent.  Coasting"  to  decrease 
"Per  cent.  Power"  has  been  determined  by  carefully  con- 
ducted tests,  under  actual  conditions  of  operation,  upon 
metered  sections  or  systems  of  several  typical  railway  com- 
panies, covering  widely  divergent  operating  conditions,  as 
follows : 

Ratio  of  Increase  Per 
Cent.   Coaatlnff  to 
NAME  OF  ROAD  Decrease  Per  Cent. 

Power 

San  Francisco-Oakland  Term.  Rwy 1% — 1.22%  Sayins: 

Denver  Tramway  Company 1% — 1.1  %  Savins 

Pacific  Electric  Railway 1% — 1.06%  Saving 

Met  Wefit  Side  "L"— Chicago l%--0.98%  Saving 

Bay  State  Street  Railway 1%— 1.05%  Saving 

Washington  Railway  &  Elec.  Co 1% — 1.02%  Saving 

Northern  Texas  Traction  Co 1% — 1.2  %  Saving 

Los  Angeles  Railway  Co 1% — 1.07%  Saving 

Empire  United  Railways 1% — 0.78%  Saving 

Milwaukee  Elec.  Ry.  &  Lt.  Co 1%— 1.07%  Saving 

S^n  Antonio  Trac.  Co 1% — 0.99%  Saving 

Boston  Elevated  Railway  Co. — Surface 1% — 1.09%  Saving 

Elevated  1% — 0.94%  Saving 

Syracuse  Rapid  Transit  Co 1% — 1.19%  Saving 

Interborough  Rapid  Transit  Co 1% — 0.91%  Saving 

Chicago  Rys.  Co. — (Surface)  1% — 0.91%  Saving 

The  above  ratios  obtained  from  actual  tests  appear 
slightly  higher  than  the  ratios  indicated  from  several  Speed 
Time  and  Power  Diagram  analyses.  It  should  be  borne  in 
mind,  however,  such  analyses  assume  constant  voltage  con- 
ditions, while  in  practice  the  decreased  power  resulting  with 
coasting  causes  less  voltage  drop  and  hence  corresponding 
improved  voltage  conditions,  with  consequent  improved 
changes  in  the  motor  performance  for  such  actual  conditions 
of  operation,  thereby  probably  resulting  in  a  higher  ratio 
obtainable  in  actual  operation. 
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PLANS  OF  THE  AMERICAN  ASSOCIATION  OF 
ENOINEEBS 

By  A.  H.  Krom,  '10* 

SyiMpiig:  An  Mtlde  presentinc  the  effort*  of  the  American  AmocI*- 
^•n  of  Eoglneers  to  raise  the  standard  of  eihles  of  the  enrlneerlnff  pro- 
(eMioB,  and  to  promote  the  economic  and  social  welfare  of  engineers. 

In  the  early  part  of  December,  19 14,  a  few  Chicago 
engineers  met  to  discuss  the  Economic  Problems  of  the  En- 
gineer, the  principal  topic  being  that  the  average  engineer 
was  underpaid  and  that  a  strong  organization  was  necessary 
in  order  to  gain  proper  recognition.  Within  a  short  time 
many  representative  engineers  from  all  branches  of  the  pro- 
fession were  interested  and  the  study  of  this  great  movement 
was  taken  up  through  well  directed  energy  by  means  of  a 
temporary  organization  until  our  charter  was  received  from 
the  State  of  Illinois  in  May,  191 5.  Many  valuable  ideas 
were  gained  from  the  records  of  the  "German  Society  of 
Technical  Men  Employed  in  the  Industries,"  and  our  plans 
as  well  as  the  number  on  the  membership  list  became  greater 
until  a  great  speed  was  gained  for  the  movement  during  the 
three  months  previous  to  the  First  National  Convention  in 
December. 

The  subject  of  ways  and  means  to  bring  about  a  greater 
appreciation  of  the  engineering  profession  and  the  services 
of  the  engineer  to  the  community  and  to  the  nation  has  been 
given  increasing  attention  during  recent  years  and  has  been 
discussed  at  meetings  of  the  various  engineering  societies 
and  in  the  technical  press.    Due  to  the  size  of  this  profes- 
sional task,  the  other  societies  which  are  busy  with  their  re- 
spective technical  problems,  have  not  undertaken  this  great 
work,  therefore  it  remains  for  this  body  of  all  engineers  to 
take  up  the  "human"  problems  and  to  advance  the  material 
and  social  welfare  of  engineers  as  a  profession. 

It  is  a  well  known  fact  that,  while  wages  and  salaries 
in  practically  every  other  line  of  work,  from  day  laborer  to 
bank  president,  have  increased  greatly  within  the  past  few 
years,  there  has  been  no  similar  rise  in  the  compensation  of 
engineers.  The  salary  of  the  average  detail  engineer  is  less 
than  that  of  the  average  union  tradesman,  or  skilled  me- 
chanic, while  on  the  other  hand  he  is  forced  to  live  on  a 
higher  social  plane,  so  that  his  expenditures  are  almost  equal 
to  his  income.    Now  let  every  technical  graduate  be  fair  with 

•Engineer  in  charge  of  the  Chicago  Office.  State  Public  Utilities  Com- 
miMion  of  Illinois. 
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himself !  What  return  above  a  fair  living  are  you  making 
on  your  engineering  education,  if  you  consider  it  as  a  busi- 
ness investment? 

It  is  to  correct  this  condition  of  affairs  and  to  render 
other  equally  important  services  to  the  profession  that  this 
Association  was  formed.  The  keynote  of  success  is  co- 
operation. 

The  American  Association  of  Engineers  will  be  devoted 
to  the  best  interests  of  the  average  engineer  of  good  stand- 
ing. Not  to  elevate  the  already  elevated  but  to  bring  up  the 
standing  of  the  rank  and  file  to  that  attained  in  other  pro- 
fessions. We  solicit  the  support  of  the  professor,  the  big 
engineers  and  employers  of  engineers  and  aim  to  command 
their  respect  through  our  services  and  objects  and  in  the 
course  of  due  time  secure  the  same  standing  for  the  engi- 
neering profession  as  that  enjoyed  by  the  legal,  medical  and 
military  professions — material  compensation,  consideration, 
and  self-respect. 

Our  objects  are:  To  raise  the  standard  of  ethics  (stop 
knocking — begin  boosting  by  co-operation)  of  the  engineer- 
ing profession  and  to  promote  the  economic  and  social  wel- 
fare of  engineers : 

1st.  By  affording  means  for  the  interchange  of  infor- 
mation— read  the  standard  publication,  "The  Monad." 

2nd.  By  maintaining  a  national  service  clearing  house 
for  engineering  service,  where  each  member  will  be  classified 
as  to  education,  training  and  experience  by  the  Qualifications 
Committee  and  employers  may  refer  their  wants  in  the  tech- 
nical vocations  to  our  Secretary  who  will  send  out  confiden- 
tial notices  to  all  men  who  are  qualified.  Employers  will  be 
listed  and  members  may  make  application  for  employment 
directly  or  through  the  Secretary.  New  work  in  all  lines 
will  be  carefully  listed  in  the  Secretary's  office  and  all  im- 
portant undertakings  which  require  men  skilled. in  the  vari- 
ous arts  will  be  printed  in  "The  Monad"  or  its  supplements, 
which  each  member  will  receive.  New  positions  will  be 
created  by  direct  efforts  of  the  Association's  representatives. 

3rd.  By  affording  patent  and  legal  advice — a  new  field 
for  associated  effort.  Few  technical  men  fully  understand 
the  constitutional  rights  of  inventors;  what  a  patent  right 
really  is  or  what  rights  an  employer  has  in  connection  with 
development  work  performed  by  his  employees.  Valuable 
education  in  this  direction  may  be  gained  from  the  Associa- 
tion and  its  publications. 
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4th.  By  supervision  of  legislation — an  activity  of  the 
greatest  importance,  not  only  to  the  men  engaged  in  profes- 
sional work  of  a  technical  character  but  to  the  public  in 
assisting  legislators  of  the  various  state,  municipal  and  na- 
tional bodies  to  treat  big  subjects  with  scientific  enlighten- 
ment and  to  place  men  who  have  technical  ability  in  charge 
of  all  public  enterprises  where  technical  skill  will  apply  to 
gain  greater  safety,  economy  and  capacity  for  public  wel- 
fare. Incidentally,  the  result  will  be  to  clear  the  field  of  its 
incompetents  who  infest  political  places  and  secure  those 
places  ior  the  qualified  engineer. 

Sth.  By  proper  publicity.  To  educate  the  public  is  no 
easy  task,  but  if  every  man  will  co-operate  with  the  press 
bureau  and  at  the  same  time  be  a  walking  disciple  for  the 
cause  of  being  a  living  illustration  of  competent  intelligence, 
worthy  of  better  recognition,  the  result  is  bound  to  be  eleva- 
tion of  the  standards  by  which  we  are  to  be  gauged — socially 
^d  financially. 

The  American  Association  of  Engineers  being  primarily 
an  association  to  gain  better  recognition  for  the  technical 
Profession  must  base  its  activities  upon  the  personal  qualifi- 
cation of  its  individual  members. 

Associate  membership  is  given  to  all  of  those  who  are 
not  directly  engaged  in  technical  pursuits,  or  those  who  may 
^^^^  a  desire  to  assist  in  the  elevation  of  the  profession  in 
other  directions  than  the  Certification  and  Employment  Pro- 
niotion  (Service  Clearing  House)  Departments. 

Certified  membership,  according  to  our  Constitution, 
^^y  be  extended  to  any  citizen  (or  one  who  has  taken  oath 
^'  intention  to  become  a  citizen)  of  the  United  States  of 
^erica,  of  good  moral  character,  who  is  engaged  in  any 
"''^ndi  of  the  sciences  or  technical  arts,  who  shall  be  a 
graduate  of  any  recognized  technical  school  or  college,  who 
shall  have  had  not  less  than  two  years'  practical  experience 
^bsequent  thereto,  or  who  shall  in  lieu  thereof,  have  had 
.  (5)  years'  practical  experience  in  engineering  work.  It 
IS  assumed  that  the  applicant  who  has  five  years'  practical 
^Pcrience  as  an  engineer  must  have  acquired  sufficient  tech- 
^^cal  knowledge  to  enable  him  to  fill  his  position  to  the  satis- 
faction of  his  employer. 

The  Monthly  Bulletin  will  in  addition  to  giving  a  review 
^nd  listing  the  technical  articles  appearing  in  Trades  and 
Scientific  Journals,  devote  a  large  part  of  its  space  to  an  out- 
line of  interesting  achievements  of  its  members  and  their 
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employers  with  a  view  to  promoting  their  interests  individ- 
ually and  collectively.  This  Bulletin  will  also  present  papers 
written  by  our  members  on  subjects  of  professional  ethics, 
patent  law  and  comments  on  evils,  uncomplimentary  and  un- 
just conditions  which  may  exist  in  the  industries,  educational 
institutions  and  civic  organizations  where  the  technical  pro- 
fession is  affected,  from  the  position  of  draftsman  to  con- 
sulting engineer.  No  attempt  will  be  made  to  regulate  or 
stipulate  salaries  of  members,  but  where  practical,  rates  for 
consulting  services  and  classified  engineering  work  such  as 
investigations,  researches,  analysis  and  estimates  of  costs 
requiring  professional  services  to  the  general  public  will  be 
classified  and  schedules  of  adopted  minimums  will  be  issued 
for  the  benefit  of  both  the  public  and  the  profession  at  large. 

To  summarize  the  certification  of  engineers  by  the  A.  A. 
E.,  it  is  the  fundamental  channel  through  which  we  will  ele- 
vate the  standard  of  both  compensation  and  ethics  of  the 
profession : 

First :  By  establishing  and  demonstrating  the  recogniz- 
able worth  of  engineers  in  the  various  fields  of  industry. 

Second:  By  eliminating  the  mediocre  incumbent  of 
positions  requiring  engineering  skill  and  substituting  there- 
for men  of  such  ability  as  will  redound  to  the  elevation  of 
the  engineering  profession  through  the  element  of  efficiency. 

Third:  By  assisting  men  with  engineering  qualifica- 
tions into  positions  where  their  skill  will  become  productive 
and  recognized. 

Fourth:  By  associating  in  a  co-operative  spirit  and 
willing  action,  shedding  upon  the  world  a  light  representing 
usefulness  to  ourselves  as  well  as  to  the  industries  to  which 
engineering  is  but  a  servant  in  the  interest  of  a  better  world. 

In  conclusion,  the  seven  following  features  as  printed 
by  the  Chicago  daily  papers  might  be  noted : 

1.  Formed  6  months  ago  by  300  Chicago  engineers 
drawn  from  the  various  engineering  departments  of  the  City 
of  Chicago,  State  and  Federal  governments  as  well  as  those 
large  industrial  enterprises  employing  engineers  in  Chicago 
as  for  example  the  railroads,  electric  light,  telephone  com- 
panies, etc. 

2.  Formed  for  the  purpose  of  bringing  a  closer  rela- 
tionship between  the  employer  of  engineers,  the  employee 
and  the  public.    Example:     Six  or  seven  of  the  large  rail 
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roads  entering  Chicago  are  spending  millions  on  improve- 
ments, of  which  the  public  knows  little  and  about  which  as 
citizens  they  ought  to  be  better  informed.  This  is  due  to  the 
fact  that  flie  newspaper  man  can  not  be  expected  to  under- 
stand technical  problems  and  hence  is  not  interested  enough 
to  cover  the  job.  The  American  Association  proposes  to 
prepare  such  information  periodically  for  the  press  as  they 
will  use  in  regard  to  big  construction  in  the  various  parts  of 
the  United  States.  In  Chicago  in  particular  there  are  25  to 
30  big  construction  projects  which  the  laymen  public  would 
be  more  interested  in  knowing  than  they  would  in  the  large 
space  alloted  to  atrocities. 

3.  This  is  the  first  national  engineering  organization 
in  the  United  States  to  have  as  members  engineers  drawn 
from  all  fields,  such  as  civil,  mechanical,  electrical,  chemical, 
etc. 

4-  This  is  the  first  national  engineering  organization 
m  the  United  States  to  take  up  the  welfare  of  the  engineer 
and  to  try  and  put  the  engineer  in  touch  with  the  job  and 
the  job  with  the  engineer  free.  They  have  placed  100  men 
^th  jobs  ranging  up  to  $6,000. 

5-  This  is  the  first  national  organization  in  the  United 
States  to  attempt  to  make  a  stand  against  the  policy  of  ponti- 
ff' niachines  appointing  doctors,  dentists,  butchers,  and  bar- 

5^rs  to  engineering  positions  requiring  the  skill  and  exer- 
cise of  mature  and  seasoned  technical  judgment. 

6.  This  organization  already  has  chapters  in  the  pro- 
^^s  of  formation  in  19  cities.  The  seed  is  being  sown,  and 
*^  Product,  it  is  hoped,  will  mean  a  membership  of  20,000 
?^neers  by  June,  1916.  There  are  100,000  engineers  of  all 
Punches  in  the  United  States.  The  largest  national  organ- 
ization for  one  branch  alone  is  the  American  Society  of 
^'vil  Engineers  with  about  7,500  members. 

7.  During  the  First  National  Convention  held  in  Chi- 
^o,  December  lO  and  11,  amendments  were  made  so  that 
^^^gineering  students  may  obtain  Junior  Memberships  and 
receive  practical  business  training  while  in  school,  and  then 
^'ter  two  years'  experience  in  the  profession,  they  can  gain 
*^H  memberships  without  the  payment  of  an  initiation  fee. 
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EXPANSION  AND  CONSTRUCTION  JOINTS  IN 
BEINFOBCED  CONCRETE  VIADUCTS 

By  A.  B.  Cohen,  '05* 

Synopsis:  Are  expansUm  joints  noc«ssaiT  *Bd  on  whnt  typos  of  eon- 
ereto  constroetlon? 

What  hns  been  the  ezperlenee  of  the  D.  L.  A  W.  By.  with  expansion 
Joints  on  the  several  Inrse  vladuots  recently  eonstmcted  on  their  system? 

Theoe  questions  and  others  pertalnlnc  to  the  details  of  expansion  and 
constmetlon  joints*  Mr.  Cohen  answers  In  this  article. 

Second  only  in  importance  to  the  determination  of  the 
most  economical  sections  in  reinforced  concrete  design  of 
any  magnitude,  is  the  detail  of  expansion  joints  and  follow- 
ing this  consideration  closely,  is  the  location  of  the  construc- 
tion joints.  These  details  are  so  important  that  it  sometimes 
becomes  necessary  to  waive  economic  considerations  in  order 
to  properly  provide  for  stresses  due  to  temperature  changes ; 
to  proportion  sections  for  construction  consistent  with  the 
daily  capacity  of  the  plant  thus  precluding  the  possibility  of 
stopping  work  at  a  critical  point  that  would  impair  the 
strength  of  an  important  member. 

Expansion  joints  are  unnecessary  in  bridges  of  about 
one  hundred  feet  in  length.  The  slight  movement  due  to 
temperature  changes  is  taken  up  by  the  elasticity  of  the 
structure.  For  greater  lengths,  the  movement  due  to  these 
changes  becomes  appreciable  and  owing  to  the  low  tensile 
strength  of  concrete,  expansion  joints  dividing  the  structure 
inta  smaller  units  are  necessary  to  prevent  dangerous  and 
unsightly  cracks. 

There  is,  however,  a  type  of  reinforced  concrete  con- 
struction known  as  the  flat  slab  system  which  has  been  used 
for  viaducts  of  great  length  without  resorting  to  expansion 
joints.  Eighteen  and  one-half  acres  of  ground  were  cov- 
ered by  this  type  of  design  in  the  construction  of  the  "Soo 
Line"  Terminal  at  Chicago.  The  Delaware,  Lackawanna  & 
Western  Railroad  has  just  completed  a  combination  viaduct 
and  station  of  similar  design,  in  eliminating  the  grade  cross- 
ings by  track  elevation  through  South  Orange,  New  Jersey. 
This  system  has  also  been  adopted  for  an  elevated  structure 
supporting  seven  tracks  in  the  Lackawanna  Terminal  im- 
provements now  under  way  at  Buffalo,  New  York.  The 
structure  will  be  150  feet  in  width  and  1,000  feet  in  length. 

The  flat  slab  system  consists  of  a  slab  of  uniform  cross- 

*Englneer  of  Concrete  Design,  Delaware,  Lackawanna  and  Western 
Ry.,  Hoboken,  N.  J. 
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section,  supported  on  columns  forming  panels  20  to  30  feet 
square.  There  are  no  beams  or  girders  and  the  loads  are 
carried  from  the  slab  directly  to  Sie  columns.  Because  of 
the  uniform  cross-section,  the  slab  can  be  eflFectively  rein- 
forced for  changes  in  length  due  to  temperature  variations, 
by  inserting  steel  bars  to  maintain  a  constant  tensile  strength 
throughout  and  particularly  across  the  construction  joints. 
Since  steel  and  concrete  have  approximately  equal  rates  of 
expansion,  no  amount  of  steel  would  prevent  cracks  result- 
ing from  the  temperature  changes.  The  steel,  however,  pre- 
vents cumulative  action  of  the  stress  at  any  particular  sec- 
tion and  distributes  the  strain  uniformly,  resulting  in  an 
infinite  number  of  minute  cracks.  Our  experience  with  this 
type  of  construction  does  not  extend  over  a  sufficient  length 
of  time  to  ascertain  definitely  what  eflEect  the  repeated  action 
due  to  temperature  changes  will  eventually  have  on  the 
strength  of  the  structure.  Very  close  observations  of  exist- 
ing structures  of  flat  slab  construction  without  expansion 
joints  have  disclosed  no  deleterious  effect  due  to  these 
causes. 

In  concrete  viaducts  consisting  of  a  series  of  arches, 
surmounted  by  transverse  spandrel  walls  supporting  a  floor 
system,  or  in  viaducts  of  the  column,  beam  and  slab  design, 
the  temperature  changes  are  of  more  vital  consequence.  In 
the  case  of  the  beam  and  slab  design,  the  constituent  mem- 
bers have  diflFerent  sections  and  therefore  offer  varying  de- 
grees of  tensile  resistance.  There  arises  the  difficulty  of 
transferring  the  movement  due  to  temperature  from  the 
larger  through  the  smaller  members,  as  from  the  deep  beams 
through  the  thin  slabs.  In  the  arch  type,  the  very  appreci- 
able vertical  movement  of  the  heavy  arch  ring,  for  a  rise 
and  fall  of  temperature,  is  transferred  to  the  comparatively 
light  floor  system,  which  must  also  resist  its  own  movement 
in  a  horizontal  plane.  These  movements  cannot  be  resisted 
by  the  addition  of  any  amount  of  steel,  and  expansion  joints 
must  therefore  be  provided. 

In  191 1,  the  Delaware,  Lackawanna  &  Western  Rail- 
road completed  two  large  concrete  structures  known  as  the 
Delaware  River  and  Paulins  Kill  viaducts  (see  plate  i)  on 
a  28-mile  revision  of  the  main  line  across  the  western  part 
of  New  Jersey.  In  connection  with  the  design  of  these 
structures,  after  an  extended  investigation  had  been  made 
of  existing  structures  of  similar  type,  it  was  decided  to  con- 
struct the  viaducts  without  expansion  joints  in  the  floor 
system.     No  precise  data  could  be  obtained  at  that  time 
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concerning  the  extent  of  the  seemingly  small  rise  and  fall 
of  the  existing  arches.  It  was  thought  that  most  of  the 
cracks,  attributed  to  temperature  changes,  were  due  to 
shrinkage  of  the  concrete  in  the  first  few  months  of  con- 
struction and  that  if  the  viaducts  with  foundations  carried 
to  rock  were  built  in  such  a  manner  as  to  minimize  this 
action,  the  expansion  joints  could  be  eliminated. 

The  plan  and  sequence  of  construction  were  outlined  in 
the  following  manner:  the  main  arch  rings  were  built  in 
voussoir  blocks  about  ten  feet  in  length  measured  along  the 
axis  of  the  arch  ring  and  spaced  two  feet  apart.    The  blocks 
^ere  allowed  to  set  seven  days  before  the  two  foot  openings 
^^  keys  were  poured  and  twenty-eight  days  after  the  last 
^^y  was  poured  the  arch  center  was  removed.    This  elimin- 
ated an  undue  settlement  of  the  arch  ring  due  to  shrinkage 
and  the  theoretical  crown  elevation  for  which  the  arch  was 
designed  was  further  insured  by  cambering  the  arch  center 
^c^r  its  deflection  under  the  ring  load.    No  part  of  the  floor 
^stem  was  built  until  the  arch  centers  had  been  removed. 
The  floor  was  built  in  alternate  sections,  but  the  reinforcing 
steel  in  the  slab  was  continuous  for  the  full  length  of  the 
viaduct,  which,  in  conjunction  with  the  elasticity  of  the 
sup>erstructure,  was  deemed  adequate  to  resist  the  rise  and 
lall  of  the  arch  ring  without  the  formation  of  large  cracks. 
*t  Was  expected  that  a  number  of  small  cracks  would  result 
f  r^m  this  movement,  but  these  were  not  considered  so  objec- 
^lonable  as  the  leaky  expansion  joints  that  were  in  evidence 
^^  rnost  of  the  structures  inspected. 

An  examination  of  the  Delaware  River  and  Paulins  Kill 

laducts,  after  they  had  been  in  service  for  some  time,  dis- 

j.t  ^^^d  the  fact  that  large  transverse  cracks  had  formed  at 

^^  ^t"own  of  each  of  the  two  spandrel  arches  adjacent  to 

f^^^y   pier  of  the  viaduct.     This  indicated  that  there  had 

^^'^  a  drop  of  the  main  arch  rings  due  to  fall  in  tempera- 

^*^^-      (See  Plate  II).    Over  the  crown,  the  spandrel  arches 

P.*"^    in  compression  and  no  cracks  developed  while  those 

ji  ^^<^ent  to  the  pier  were  in  tension.    It  may  be  here  noted 

3?"   "the  floor  system  was  built  during  the  summer  months 

•  ^    therefore  the  movement  in  the  main  arch  ring  due  to 

^  ill  temperature,  would  bring  the  floor  system  back  to  its 

j.  ^^''^al  position,  or,  if  there  were  a  movement  beyond  this 

^.^^nld  be  so  slight  as  to  make  its  effect  on  the  floor  system 

rT^^tly  over  the  crown  negligible,  as  compared  with  the 

r^^t  of  a  fall  in  temperature  on  the  floor  adjacent  to  the 
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In  view  of  the  above  observations,  it  was  decided  in  de- 
signing the  Tunkhannock  and  Martins  Creek  viaducts,  re- 
cently completed  on  another  revision  of  the  main  line  west 
of  Scranton,  Pa.,  that  expansion  joints  were  necessary  in 
the  floor  system  at  the  piers  and  quarter  points  of  every 
span.  The  quarter  points  of  the  span  are  approximately  the 
points  of  contraflexure  in  the  arch  ring.  For  a  fall  in  tem- 
perature the  extrados  of  the  arch  ring  between  the  points 
of  contraflexure  is  in  compression,  beyond  these  points  in 
tension  and  vice  versa  for  a  rise  in  temperature.  The  ex- 
pansion joints  divide  the  superstructure  into  three  parts, 
separated  at  the  points  of  contraflexure,  each  section  acting 
in  compression  or  tension  as  the  case  may  be.  This  arrange- 
ment has  proved  successful  for  both  viaducts,  which  have 
been  exposed  to  the  entire  range  of  temperature. 

In  the  detail  of  the  expansion  joints,  it  is  imperative 
that  a  minimum  amount  of  sliding  surface  be  provided, 
otherwise  the  f rictional  resistance  becomes  greater  than  the 
tensile  strength  of  the  floor,  which  would  cause  cracks  to 
develop  adjacent  to  the  so-called  expansion  joints.  The 
sliding  surfaces  of  the  expansion  joints  of  the  big  viaducts 
were  lubricated  by  an  asphaltic  membrane.  The  drainage  is 
prevented  from  percolating  through  the  joints  by  dykes 
built  across  the  floor. 

As  previously  stated,  the  construction  joints  should  be 
g[iven  careful  consideration.  It  is  a  necessary  precaution, 
in  concrete  design,  to  indicate  the  construction  joints  on 
the  plans,  in  order  to  guide  the  foreman  or  super- 
mtendent  who  is  frequently  unfamiliar  with  the  theory  of 
design.  Otherwise,  a  joint  might  be  placed,  for  example, 
^t  a  point  of  maximum  shear,  or  at  the  junction  of  the  stem 
and  flange  of  a  T  beam.  The  massive  solid  piers  of  the 
Tunkhannock  Creek  viaduct  were  scored  horizontally  by 
nailing  strips  of  moulding  to  the  inside  of  the  forms.  These 
strips  mark  the  construction  joints  four  feet  apart.  Each  of 
tbese  sections  contains  234  cubic  yards,  which  is  approxi- 
"^^tely  the  eight-hour  capacity  of  a  two-yard  mixer.  For 
the  reinforced  sections  of  the  viaduct,  the  length  of  the  re- 
inforcing rods  was  so  fixed  that  only  the  required  lap 
projected  beyond  the  construction  joints,  obviating  the  neces- 
sity of  supporting  dangling  rods  above  the  forms. 

The  precautions  that  were  taken,  to  minimize  the  set- 
tlement due  to  shrinkage  in  the  construction  of  the  arch  ring 
^*  the  Delaware  River  and  Paulins  Kill  viaducts,  were  re- 
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peated  in  the  construction  of  the  Tunkhannock  and  Martins 
Creek  viaducts.  Each  main  arch  of  these  structures  was 
built  in  two  separate  ribs.  It  is  an  interesting  fact,  that 
after  the  arch  centers  were  struck,  there  was  the  slight  set- 
tlement of  one-quarter  of  an  inch  in  one,  one-eighth  of  an 
inch  in  three  and  no  settlement  in  the  other  sixteen  ribs. 


civil  Engineering  Building,  Purdue  University 
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FATALITIES  AND  SERIOUS  SHOCKS  CAUSED  BY 
ELECTRICITY 

By  Geo.  E.  Glossop,  '15* 

^    Synoptli:    This  wiiele  treats  In  »  non-technical  manner  of  the  snbjeet 
or  electric  •hock.    It  contains: 
_  A  cIsMMcatlon   of  the  Injuries  attributable  to  electricity.  Md  their 


.     A  eompsrlson  of  the  effect  of  alternating  and  direct  current  In  pro- 
dietir  ft  shock. 

As  explsnatlon  of  the  physiological  effect  of  the  electric  current  on 
iBe  btdj,  ftnd  the  method  of  remiscltatlnK  a  victim. 

Time  was  when  the  mention  of  electric  shocks  sug- 
gested merely  the  sensations  experienced  in  grasping  the 
handles  of  the  ordinary  induction  coil,  or  in  receiving  the 
discharge  of  a  Leyden  Jar.  There  are  few  persons  who 
have  not  allowed  an  electric  current  to  be  passed  through 
them  by  one  or  the  other  of  the  above  means ;  and  the  sen- 
sation need  scarcely  be  described.  While  the  effect  is 
usually  of  a  mild  and  harmless  nature,  it  is  well  known  that 
shocks  of  an  unpleasant  character,  even  dangerous  to  human 
life,  may  be  applied  by  such  simple  apparatus.  Since  elec- 
tric wires  are  to  be  found  overhead,  underground,  in  nearly 
all  buildings  devoted  to  business,  and  in  many  of  our  homes, 
the  subject  of  shocks  is  of  interest  to  nearly  everyone.  With 
such  widespread  adoption  of  electricity  for  domestic  and 
industrial  use  there  have  appeared  occasionally  in  the  public 
press  notices  of  accidents  due  to  electric  shocks,  sometimes 
attended  with  fatal  results.  These  accounts,  aside  from  the 
tragedy  involved,  are,  as  a  rule,  rather  amusing  to  one  know- 
ing even  the  rudiments  of  electricity ;  all  that  can  be  learned 
from  the  daily  papers  is  that  it  is  safest  to  keep  away  from 
all  wires.  There  appear  to  be  proportionately  few,  outside 
those  in  the  electric  business,  that  seem  to  have  any  idea 
of  what  constitutes  a  dangerous  shock,  where  one  is  likely 
to  be  obtained,  and  what  "volts"  and  "amperes"  have  to  do 
with  it. 

It  is  to  be  remembered  that  it  is  the  amperes  of  current 
flowing,  not  in  the  wire  but  through  the  body,  that  causes 
*he  pain  and  the  injury ;  the  greater  the  number  of  amperes 
1^^  greater  the  effect.  Since  voltage  measured  in  volts, 
•^^ng  somewhat  analogous  to  pressure  measured  in  pounds 
per  square  inch,  forces  a  quantity  of  current  or  amperes, 
through  the  resistance  offered  by  the  human  body  or  the 
^^res,  as  pressure  forces  a  quantity  of  water  through  the 
^^sistance  of  the  water  mains,  it  is  readily  understood  that 
the  greater  the  voltage  the  more  current  or  amperes  will 

•iMtnictor,  Rapid  City  High  School.  Rapid  City,  South  Dakota. 
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flow  through  the  pven  resistance.  The  size  of  the  wire 
with  which  contacts  are  made  is  of  little  consequence ;  any 
ordinary  wire  can  carry  enough  current  to  give  a  fatal 
shock;  the  number  of  volts  does  not  depend  at  all  upon 
the  size  of  the  wire. 

When  electric  current  is  flowing  through  the  body  a 
great  deal  of  resistance  is  offered  to  the  flow.  The  calloused 
palms  of  the  working  man  offer  tfie  highest  electrical  resist- 
ance. The  thick  and  hardened  epidermis  containing  no 
blood  or  lymph  is  a  poor  conductor  and,  therefore,  limits  the 
amount  of  current  that  the  man  receives  from  the  electrical 
circuit.  However,  it  offers  this  high  electrical  resistance 
only  to  a  momentary  contact ;  while  a  continued  contact  will, 
in  most  instances,  produce  a  secretion  of  perspiration  which 
so  moistens  the  skin  as  to  give  better  conduction,  thereby 
lowering  the  resistance.  The  resistance  value  apparently 
bears  no  relation  to  the  height  nor  the  cross-section  of  the 
individual  but  depends  largely  upon  the  resistance  of  the 
skin.  When  the  skin  has  been  burned  through,  the  body 
resistance  may  readily  reduce  to  500  ohms.  Therefore,  the 
magnitude  of  the  current  which  passes  through  the  body  is 
dependent  upon  the  resistance  of  contact,  the  resistance  of 
the  body  and  to  the  conductivity  of  the  surrounding  atmos- 
phere whether  dry  or  damp. 

The  dangers  peculiar  to  contact  with  electricity  may  be 
classified  under  four  general  heads.  Those  attributable  to 
shocks;  by  shocks,  meaning  injuries  due  to  the  passage  of 
current  through  the  body.  Those  attributable  to  burns  or 
injuries  caused  by  burning  some  portion  of  the  body  that  is 
in  contact  with  the  intense  heat  of  an  electric  arc.  Those 
attributable  to  flashes,  or  arcs,  causing  injury  to  the  eyes  by 
exposure  to  the  intense  light  of  the  arc.  Those  attributable 
to  falls  caused  primarily  by  shock  or  burn. 

To  receive  a  shock  it  is  necessary  that  current  flow  into 
some  portion  of  the  body  and  out  of  some  other  portion.  It 
is  not  the  voltage  that  injures  but  the  amount  of  current  that 
is  forced  through  the  body ;  one  one-hundredth  of  an  ampere 
passing  through  the  body  will  give  the  same  sensation  from 
a  500  volt  circuit  as  it  does  from  a  1 10  volt  circuit.  How- 
ever, if  the  body  resistance  remains  the  same,  nearly  five 
times  as  much  current  will  be  forced  through  at  a  pressure 
of  500  volts  as  compared  with  no  volts.  Generally  speak- 
ing, the  higher  the  voltage  involved,  the  greater  will  be  the 
current  through  the  body ;  the  longer  the  duration  of  the  con- 
tact, the  greater  the  danger  to  life. 
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Burns  usually  accompany  injury  by  shock,  though  it  is 
possible  to  receive  injury  by  a  burn  even  where  no  shock  is 
experienced.  Such  cases  consist  in  the  injured  one  coming 
into  physical  contact  with  an  electric  arc.  A  most  annoying, 
though  not  deadly  danger  exists  in  the  exposure  of  the  deli- 
cate nerves  of  the  eye  to  the  intense  brilliancy  of  an  electric 
arc  The  injury  is  not  immediately  apparent  and  often  does 
not  manifest  itself  for  several  hours.  Eyes  that  have  been 
exposed  to  electrical  flashes  become  very  red,  due  to  the 
sudden  dilation  and  congestion  of  the  blood  vessels  of  the 
mucous  membrane  that  lines  the  lids  and  in  part  covers  the 
eyeball.  The  surprise  of  a  sudden  shock,  even  though  the 
shod  itself  is  slight,  may  cause  an  unconscious  contraction 
of  the  muscles,  which  may  precipitate  a  man  from  a  position 
otherwise  secure.  Such  precipitation,  however,  assists  in 
extricating  him  from  what  might  be  otherwise  a  dangerous 
contact. 

There  is  a  wide  variety  of  external  and  individual  con- 
ditions that  influence  the  extent  of  electrical  injury;  indi- 
vidual susceptibility  is  a  large  factor,  even  the  emotions  play 
no  inconsiderable  role.  For  instance,  there  is  on  record  that 
one  lineman  died  purely  of  fright  on  touching  a  normally 
high  tension  line  which,  at  the  time  of  misfortune,  carried 
no  voltage  whatever. 

The  experiments  of  Weiss,  D'Arsonal,  and  others  have 
enabled  us  to  compare  the  respective  behaviors  of  the  alter- 
nating and  direct  currents.  Weiss  states  that  the  alternating 
*s  about  four  times  as  deadly  as  the  direct  current.  It  might 
^  thought  that  the  danger  would  increase  with  the  number 
0^  alternations,  but  this  is  not  so,  at  least  the  variation  of  the 
periodicities  used  in  the  industries,  varying  from  eleven  to 
seventy-five  cycles  per  second,  makes  no  appreciable  differ- 
ence. D*Arsonal  found  that  he  could  stand  three  amperes  at 
500000  to  loooooo  alternations.  This  amount  of  current  is 
Jwenty  to  thirty  times  as  great  as  that  required  to  kill  a 
numan  being  at  the  ordinary  industrial  frequency.  High 
frequency  currents,  even  at  high  pressures,  are  not  ordinarily 
dangerous  to  life  on  account  of  their  tendency  to  seek  the 
surface  of  conductors  rather  than  flow  by  way  of  an  inter- 
nal path. 

Seventy  to  one  hundred  milliamperes  of  alternating  cur- 
rent passing  through  the  heart  for  a  few  seconds  will  cause 
^cath,  whereas,  with  continuous  current  death  does  not  occur 
^'^less  about  three  hundred  milliamperes  are  employed, 
deaths  have  occurred  from  shocks  at  A.  C.  voltages  as  low 
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as  65  and  there  are  numerous  instances  of  death  at  such 
pressures  as  100  to  120  volts  A.  C.  It  is  only  under  very 
exceptional  circumstances,  however,  that  these  low  voltages 
cause  death ;  such  as  wet  contact,  which  is  equivalent  to  an 
extremely  good  contact,  to  a  weak  physique,  and  continued 
passage  of  current  through  a  low  body  resistance.  Although 
the  continuous  or  direct  current  prevents  more  immediate 
danger,  it  may  produce  more  lasting  effects.  It  provokes,  in 
the  body  traversed  by  it,  actual  electrical  decomposition,  the 
products  of  which  are  transported  to  the  extremities,  and 
this  internal  galvanoplasty  may  cause  incurable  injuries. 

Physiological  experimentation  on  animals  adduces  the 
conclusion  that,  as  regards  the  death  of  human  beings,  it  may 
be  brought  about  by  electric  currents  in  several  different 
ways.  There  is  no  doubt  but  that  it  might  be  due  to  pro- 
longed tetanus  of  the  muscles,  which  could  prevent  the  per- 
formance of  respiratory  movements,  and  so  lead  to  death  by 
asphyxia.  As  a  matter  of  fact,  it  has  never  apparently  hap- 
pened in  this  manner ;  the  victim  always  being  able  either  to 
break  the  contact  and  interrupt  the  passage  of  current  for 
himself,  or  to  call  for  help  and  have  the  contact  broken  by 
someone  else  before  asphyxia  has  actually  taken  place. 
Primary  heart  failure  is  undoubtedly  the  most  common  mode 
of  death.  In  this  case,  there  is  a  cessation  of  respiration 
and  cardiac  action  from  electrical  over-stimulation  of  the 
brain  which  thereby  loses  its  power  to  react.  This  power 
to  react  is  only  temporarily  suspended  so  that  life,  if  not  en- 
tirely extinct,  is  dependent  on  artificial  respiration  until  such 
time  as  the  brain  recovers  its  power  to  react. 

During  the  past  thirty  years  a  great  many  post-mor- 
tems have  been  made  in  cases  of  sudden  death  by  electric 
shocks.  Burns  of  greater  or  less  superficial  extent  are  gen- 
erally seen  at  the  point  where  the  electric  current  has  entered 
and  left  the  body.  In  a  word,  the  post-mortem  evidence  is 
generally  negative,  but  may  suggest  asphyxia  in  some  cases, 
in  others  organic  vascular  and  nervous  lesions  in  the  brain 
and  spinal  cord. 

It  is  contended  by  many  physicians  of  note  that  if  arti- 
ficial respiration  is  immediately  applied  to  the  victim  that 
there  is  much  hope  of  recovery,  particularly  when  the  elec- 
tric current  has  only  temporarily  paralyzed  the  nervous  con- 
trol of  the  muscles  of  respiration.  This  effect  of  shock  is 
conceded  to  dominate  in  nearly  all  accidents  where  the  con- 
tact was  of  short  duration.  Hope  of  resuscitation  is,  how- 
ever, restricted  to  the  proper  treatment  of  cases  of  paralyzed 


Digitized  by 


Google 


Electric  Shock  Fatalities — Glossop 


67 


respiration  and,  since  deprivation  of  oxygen  injures  immedi- 
ately some  of  the  nerve  centers  of  the  brain,  it  is  particu- 
larly important  that  measures  for  resuscitation  be  applied 
immediately  and  continued  until  natural  breathing  returns. 

The  prone  pressure  method  of  artificial  respiration, 
which  has  been  given  universal  publicity  and  is  today  taught 
to  all  employees  of  large  corporations,  consists  in  laying  the 
injured  on  his  belly  with  his  arms  stretched  forward.  Pres- 
sure is  applied  rhythmically  on  the  loins  and  lowest  ribs. 
The  advantages  of  this  method  are :  that  the  operation  is 
simple  and  easy  to  perform,  that  there  is  no  need  of  a  second 
person  to  hold  the  tongue  from  falling  back  and  blocking 
the  air  passages,  that  there  is.  little  danger  of  injuring  the 
liver  or  breaking  the  ribs  if  pressure  is  gradually  and  not 
violently  applied,  and  that  a  larger  ventilation  of  the  lungs 
is  accomplished. 

In  general,  the  resistance  of  the  human  body  is  normally 
so  high  that,  with  pressures  not  exceeding  500  volts,  acci- 
dental contacts  are  rarely  fatal.  The  greater  number  of 
fealities  attend  the  severe  burns  caused  by  momentary  con- 
tact with  high  voltages  and  falls  due  to  the  unexpected 
shock. 


Electrical  Engineering:  Building.  Purdue  University. 
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NOTES  ON  ESTIMATINa  THE  GROWTH  OF  CITIES 

By  H.  G.  Raschbacher,  *04* 

Synopsis:     Showing  how  to  obtain  the  approximate  future  population 
of  a  city  from  its  past  growth  and  its  presoit  sise. 

During  the  years  1914-1915,  the  writer  was  engaged  in 
assisting  a  former  classmate  in  preparing  a  report  for  a  cer- 
tain eastern  city,  covering  the  collection  and  disposal  of  all 
classes  of  municipal  wastes.  One  of  the  chief  questions  to 
be  determined  before  submitting  the  report  was  the  size  of 
the  recommended  plants,  which  in  turn  depended  upon  the 
quantities  of  the  various  wastes  produced  by  the  population 
served  in  1940.  The  production  per  capita  of  any  class  of 
waste  was  easily  determined  by  a  series  of  complete  field 
studies,  but  when  the  question  of  estimating  the  future  popu- 
lation arose,  few  data  were  to  be  found  that  would  furnish 
a  reliable  program  for  determining  such  an  estimate.  It  was 
finally  decided  to  plot  the  available  census  data  and  estimate 
the  future  population  from  a  straight  line  curve.  Before 
doing  so,  the  writer  endeavored  to  ascertain  if  there  were 
any  determinable  law  or  laws  governing  the  growth  of  cities 
except  a  mere  estimate  of  what  future  conditions  were  liable 
to  be.  While  the  studies  made  did  not  attain  the  end  for 
which  they  were  carried  out,  a  number  of  interesting  facts 
were  brought  to  light  and  it  is  felt  that  they  are  of  sufficient 
interest  to  be  of  some  value  to  readers  of  the  Purdue  Engi- 
neering Review. 

In  general  the  population  curve  for  any  city  can  be 
plotted  by  the  formula,  P  =  M  F**  4-  C,  where,  P  is  the  popu- 
lation for  any  particular  year,  M,  a  numerical  coefficient, 
Y,  the  number  of  years  elapsing  from  the  first  plotted  on  the 
curve  to  the  one  for  which  the  population  is  desired,  **,  an 
exponent  determined  from  the  available  data  at  hand  and  C, 
the  population  of  the  city  in  the  first  year  plotted  on  the 
curve.  By  substituting  the  data  at  hand  for  all  the  Ameri- 
can cities  as  furnished  by  the  Bureau  of  the  Census  in  the 
above  equation,  a  series  of  equations  results  for  any  par- 
ticular city,  in  which  P,  M  and  **  are  the  only  unknowns. 
By  the  method  of  Least  Squares,  these  can  be  brought  to 
two  simultaneous  equations  in  which  M  and  "  can  be  deter- 
mined and  a  resultant  equation  found  in  which  P  is  the  only 
unknown.  By  substituting  in  this  equation  for  any  future 
year  the  population  determined  will  be  a  value  lying  in  the 
curve  which  is  the  closest  to  passing  through  all  the  points 
which  may  be  plotted  from  any  data  which  may  be  avail- 
able. 


•  Consulting  Engineer.    Ann   Arbor,    Mich. 
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In  carrying  on  the  studies  made,  population  curves  were 
worked  up  for  the  following  cities:  Baltimore,  Boston, 
Chicago,  Cleveland,  New  York,  Philadelphia,  Pittsburg, 
and  Si.  Louis.  These  cities  comprise  the  eight  largest 
cities  in  the  country  according  to  the  last  U.  S.  census,  they 
present  a  fairly  wide  geographical  range,  the  conditions 
which  affected  their  growth  could  hardly  have  been  very- 
similar  and  census  information  was  available  for  the  ma- 
jority of  the  cities  for  a  period  of  120  years.  For  these  rea- 
sons, it  was  felt  that  if  any  general  law  could  be  deduced 
from  the  information  covering  these  cities,  it  would  be  ap- 
plicable to  a  fairly  wide  range  of  conditions,  not  only  as 
regards  geographical  location,  but  size  of  the  city  as  well. 

Three  curves  were  worked  out  for  each  city  listed  above, 
and  numbered  i,  2,  and  3.  Curve  No.  i,  was  that  curve 
which  would  most  nearly  pass  through  the  points  plotted 
for  the  entire  period  for  which  census  data  was  available. 
Curve  No.  2  was  plotted  from  the  data  for  all  years  follow- 
ing that  in  which  the  population  reached  500,000  in  the  case 
of  New  York,  Chicago  and  Philadelphia,  and  250,000  for 
the  remaining  five  cities.  Curve  No.  3  was  plotted  from  the 
data  for  all  years  until  the  population  reached  500,000  for 
New  York,  Chicago  and  Philadelphia,  and  250,000  for  the 
remaining  five  cities.  Curve  No.  i  will  represent  the  popu- 
lation curve  which  will  take  into  account  all  the  conditions 
affecting  the  growth  of  a  big  city  from  its  beginning  as  a  city 
of  any  size,  up  to  the  present  time.  Curve  No.  2  will  repre- 
sent the  population  curve  which  takes  into  account  only 
those  conditions  affecting  the  growth  of  a  city  after  it  has 
become  a  city  of  importance.  Curve  No.  3  will  represent 
the  population  curve  which  takes  into  account  only  those 
conditions  affecting  the  growth  of  a  city  from  its  beginning 
until  it  becomes  a  city  of  importance.  The  use  of  Curve  No. 
3  would  enable  one  to  estimate  the  population  of  a  city  which 
at  the  present  time  had  less  than  500,000  or  250,000  inhabi- 
tants. Curve  No.  2  would  enable  one  to  estimate  the  future 
population  of  a  city  which  at  the  present  time  had  over 
250,000  or  500,000  inhabitants.  If  the  values  taken  from  the 
extension  of  Curve  No.  3  were  approximately  the  same  as 
those  from  Curve  No.  2,  and  if  the  values  from  either  2  or  3 
were  approximately  the  same  as  those  from  Curve  No.  i, 
proof  would  have  been  established  that  the  law  governing 
the  growth  of  cities  of  any  size  was  a  uniform  law  through- 
out their  growth  and  in  that  case  a  general  formula  could  be 
deduced  which  would  represent  the  growth  of  any  city 
throughout  its  life. 


Digitized  by 


Google 


The  Growth  of  Cities — Raschbacher 


71 


i 

i 

i 

1 

The  curves  covering  the  above  conditions  may  be  plotted 
^rom  the  following  formulae : 


New  York...  Curve  No. 

Curve  No. 

Curve  No. 
CWcago Curve  No. 

Curve  No. 

Curve  No. 
^iladelphia..  Curve  No. 

Curve  No. 

Curve  No. 


1,  P=  118  72.137  +  ^9^^01 
where  Y  =  years  after  1790. 

2,  P  r=  101570  Y  ^-^^^  +  391,114 
where  Y  =  years  after  1840. 

3,  P  =  1362  Y  i-^i^  +  49,401 
where  Y  =  years  after  1790. 

1,  P=  160.7  72.220  +  ^^^70 
where  Y  =  years  after  1840. 

2,  P  =  AZ'7SoY  ii«^  +  503.185 
where  Y  =  years  after  1880. 

3,  P=  138.77-2^- +  4.470 
where  Y  =  years  after  1840. 


P  =  152.4  Y 


1.794 


28,522 


where  Y  =  years  after  1790 

2,  P  =  3,133  Fi-^^9  + 565,529 

.    where  Y  ^=  years  after  i860. 

3,  P  =  691.8  711874-28,522 
where  Y  =  years  after  1790 
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Baltimore Curve  No.  i,  P  =  242.7  Y  ^-^  +  13,503 

where  Y  =  years  after  1790. 
Curve  No.  2,  P  =  3327  Y  ^-^  +  267,354 

where  Y  =  years  after  1870 
Curve  No.  3,  P  =  523.6  Y  ^-^  +  13,503 

where  Y  =  years  after  1790. 
Cleveland Curve  No.  i,  P  =  22.91  Y  ^-^^  +  1,076 

where  Y  =  years  after  1830. 
Curve  No.  2,  P  =  4,634  Y  i*«>  +  261,353 

where  Y  =  years  after  1890, 
Curve  No.  3,  P  =  18.58  Y  ^-^  +  1,076 

where  Y  =  years  after  1830 
Pittsburg Curve  No.  i,  P  =  9.55  Y  ^-^  +  1,565 

where  Y  =  years  after  1800, 
Curve  No.  2,  P  =  15,140  Y  ^-^^  +  235,071 

where  Y  =  years  after  1880 
Curve  No.  3,  P  =  12.02  Y  ^-^^^  +  1,565 

where  Y  =  years  after  1800 
St.  Louis Curve  No.  i,  P  =  4,487  Y  i^^s  +  16,469 

where  Y  =  years  after  1840 
Curve  No.  2,  P  =  1,362  Y  ^-^^  +  310,864 

where  Y  =  years  after  1870 
Curve  No.  3,  P  =  2,576  Y  ^-^  +  16,469 

where  Y  =  years  after  1840 
Boston Curve  No.  i,  P  =  28.05  Y  ^-^  +  18,320 

whfere  Y  =  years  after  1790 
Curve  No.  2,  P  =  3,639  Y  ^-^  +  362,839 

where  Y  =  years  after  1880 
Curve  No.  3,  P  =  99.31  Y  ^-^^  ^  18,320 

where  Y  =  years  after  1790, 

It  is  obvious  that  the  factors  governing  the  growth  of 
the  cities  studied  are  different  in  each  case  and  no  common 
curve  or  formula  can  be  deduced  which  will  apply  with  rea- 
sonable accuracy  to  all.  The  most  peculiar  fact  which  may 
be  noted,  however,  is  that  after  the  population  of  a  city 
reaches  250,000  or  300,000,  the  rate  of  increase  becomes 
much  greater  and  the  curve  shows  a  pronounced  inclination 
towards  the  vertical.  This  characteristic  seems  to  prevail 
regardless  of  the  present  size  of  the  city,  its  location,  or  the 
time  in  which  it  reached  the  population  noted.  The  follow- 
ing table  illustrates  the  above  statements  more  clearly,  the 
date  given  being  the  census  year  in  which  the  population 
reached  or  passed  250,000  or  300,000 : 

New  York 1840 

Chicago    1870 

Philadelphia i860 
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Baltimore 1880 

Cleveland 1890 

Pittsburg 1880 

St.  Louis  1870 

Boston 1880 

Another  characteristic  which  may  be  noted  is  that  east- 
^^^  cities  show  a  much  slower  rate  of  increase  than  is  the 
cs^se  with  the  western  cities.  The  curves  for  Chicago,  Cleve- 
^^nd  and  St.  Louis  show  this  uniformity  as  a  group,  and  the 
5^^e  holds  true  for  the  curves  for  New  York,  Philadelphia, 
^^ston,  Baltimore,  Pittsburg. 

Among  the  western  cities  studied,  little  effect  is  shown 
n  the  rate  of  increase  due  to  facilities  for  transportation  by 
'^ter.    The  rate  of  increase  for  the  lake  cities,  Chicago  and 

^^^land,  does  not  differ  materially  from  the  rate  of  in- 
**case  for  St.  Louis,  water  transportation  on  the  Mississippi 
^^  t)eing  considered  as  comparable  with  lake  shipping.    The 

'^^  characteristic  seems  to  hold  true  in  the  eastern  cities 
udie^     The  rate  of  increase  for  Pittsburg  being  about  the 
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same  as  for  Boston,  Baltimore,  and  for  New  York  and 
Philadelphia  when  the  two  latter  cities  were  of  about  the 
same  size  as  Pittsburg  is  now. 

From  the  data  at  hand  it  seems  logical  to  assume  that ; 
when  a  city  reaches  a  population  of  about  500,000,  the 
natural  resources,  tributary,  rail  and  water  transportation 
facilities  and  opportunities  for  expansion  by  annexation, 
etc.,  are  present  in  such  degree  that  they  have  carried  the 
city  over  what  may  be  termed  the  critical  period  prevailing 
when  the  population  is  less  than  300,000  and  that  from  this 
time  on  the  rate  of  increase  will  be  uniform  and  more  rapid 
than  was  the  case  before  the  population  reached  500,000; 
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that  cities  which  lie  in  what  may  be  termed  the  central  or 
western  sections  of  the  country  will  show  a  much  more  pro- 
nounced rate  of  increase  at  all  times  than  is  the  case  with 
cities  in  the  eastern  or  southern  sections  of  the  country ;  that 
the  rate  of  increase  of  all  cities,  regardless  of  location,  trans- 
portation facilities  and  tributary  country  surrounding,  is 
much  less  when  the  population  is  less  than  300,000  than  is 
the  case  after  the  population  has  passed  that  figure. 

During  the  course  of  the  investigations  mentioned  at 
the  beginning  of  this  article,  the  writer  made  a  study  of  the 
methods  in  use  at  the  present  time  among  engineers  in  esti- 
mating future  growth  of  cities  and  found  no  reasonable  uni- 
formity among  them.  In  a  more  or  less  vague  way,  the  pros- 
pects for  future  expansion  are  dependent  entirely  upon  the 
judgment  of  the  estimator  as  to  what  conditions  will  prevail 
after  a  period  of  25  or  50  years  has  passed.  Inasmuch  as 
no  man  can  know  what  the  future  holds  in  store,  it  seems 
to  the  writer  that  the  safest  plan  is  to  let  the  past  govern  the 
prospects  for  the  future,  provided  there  are  sufficient  data 
covering  the  past,  and  prolong  the  curve  to  estimate  the  con- 
ditions in  the  future.  This  seems  to  be  especially  true  if  the 
data  be  separated  into  two  parts  and  those  dealing  with  the 
population  below  250,000,  used  for  estimates  up  to  500,000 ; 
while  the  data  dealing  with  population  above  250,000  are  to 
be  used  for  all  future  estimates. 

So  far  as  the  writer  is  aware,  the  Bureau  of  the  Census 
IS  the  only  estimator  which  governs  its  estimates  of  future 
population  entirely  upon  records  of  the  past.  That  Bureau 
uses  the  straight  line  formula  entirely,  stating  that  their 
^xperience  shows  this  to  give  the  more  accurate  results. 
While  they  recommend  this  formula,  they  do  not  officially 
^ndorse  it.  Curves  worked  out  according  to  the  theory  of 
l^ast  squares,  check  fairly  closely  with  the  straight  line  curve 
mentioned  above,  though  the  values  from  the  straight  line 
curve  are  generally  slightly  below  those  submitted  by  the 
writer. 
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THE  EVOLUTION  OF  EXCAVATINO  MAGHINEBY 

By  J.  D.  Rauch,  ex-'ps* 

Synopsis:     A   short   history   of   dredges   and   st««m   shovels*   and   the 
conditions  which  have  caused  their  rapid  derelopment. 

Probably  one  of  the  most  obscure  classes  of  machinery, 
yet  one  that  has  contributed  much  to  the  development  of  the 
country  as  well  as  the  conservation  of  our  natural  resources, 
is  that  employed  in  the* excavation  of  drainage  and  irrigation 
ditches  as  well  as  canals  and  other  engineering  operations 
for  the  development  of  commerce  and  industry. 

Such  machinery  may  be  divided  into  two  general 
daises :  First,  that  which  is  mounted  on  floats  or  barges  for 
excavation  in  water ;  and  second,  that  which  is  mounted  on 
trucks  or  platforms  for  dry  excavation. 

At  the  time  when  our  middle  west  was  being  settled,  and 
before  the  advent  of  the  railroads,  canals  were  the  only 
means  offered  for  cheap  transportation  and  many  great 
canal  systems  were  built  at  considerable  cost.  The  vast 
amount  of  excavation  required  in  the  construction  of  these 
canals  was  done  chiefly  by  hand  labor — and  yet  this  was  so 
short  a  time  ago  as  to  still  be  clearly  within  the  recollection 
of  persons  living  today. 

Within  a  few  years,  however,  railroads  began  to  be 
constructed,  with  which  the  canals  could  not  compete  as 
common  carriers.  It  has  often  been  a  matter  of  conjecture 
to  the  writer  as  to  what  the  result  might  have  been  had  they 
possessed  the  efficient  excavating  machinery  then  that  we 
have  today. 

But  these  canals  did  more  while  in  operation  than  to 
provide  avenues  of  commerce.  They  served  as  drains  for 
the  adjacent  lands,  greatly  increasing  their  fertility  and 
value  and  naturally  creating  in  the  minds  of  men  the  desire 
to  further  expand  this  phase  of  reclamation. 

As  the  country  became  more  thickly  settled  the  great 
areas  of  wet  and  overflowed  lands  in  the  middle  states  and 
especially  in  Illinois  and  Indiana  attracted  attention  and 
means  were  considered  for  carrying  oflf  the  water  by  artifi- 
cial channels. 

These  channels,  or  ditches  we  may  call  them,  were  first 
excavated  by  manual  labor.  The  results  obtained  in  reclaim- 
ing the  land  were  sufficient  to  justify  the  necessity  of  some 
more  extensive  and  efficient  means  of  excavation  and  eflforts 
were  made  to  construct  machinery  to  do  the  work. 

•  Sec'y-Treas.,  The  American  Steel  Dredge  Co.,  Fort  Wayne,  Ind. 
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About  the  year  1880  a  crude  but  fairly  successful  ditch- 
ing dredge  was  built  in  northeastern  Illinois.  This  machine 
was  not  only  capable  of  doing  the  work  better,  but  so  much 
cheaper  than  any  former  methods  that  it  immediately  com- 
manded attention.  It  was  the  nucleus  of  what  is  now  gen- 
erally known  as  the  dipper  dredge — ^  type  which,  with  the 
"lany  improvements  made  since  its  advent,  is  recognized  as 
the  most  efficient  and  economical  type  and  is  employed  al- 
"lost  exclusively  today  in  drainage  work,  as  well  as  in  the 
c^nal  construction  and  deepening  of  our  rivers  and  harbors. 
T^he  dipper  dredge  is  essentially  an  American  machine.  It 
has  shown  its  superiority  over  other  types  in  many  instances, 


Fig.  1.     Dipper  Dredge. 

the  most  important  example  being  probably  the  construction 
of  the  Panama  Canal,  which  was  successfully  accomplished 
after  several  futile  attempts  with  foreign  types. 

Originally  dredges  were  constructed  with  wooden 
booms  and  superstructure  and  mounted  on  wooden  barges. 
The  modern  dredge  is  built  of  steel  throughout  including  the 
barge,  as  shown  in  the  accompanying  illustration,  and  is 
capable  of  coping  with  the  most  heavy  and  difficult  work. 

With  the  vast  areas  of  waste  lands  yet  to  be  reclaimed, 
and  the  untold  canals  and  harbors  for  commerce  yet  to  be 
conceived  in  this  and  other  countries,  this  class  of  machinery 
offers  a  most  promising  field  for  the  mechanical  and  perhaps 
the  electrical  engineer ;  and  for  the  civil  engineer  in  the  plan- 
ning and  maintenance  of  the  work. 
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We  now  come  to  the  other,  but  no  less  important, 
branch  known  as  dry  excavation,  which  embraces  even 
a  wider  and  more  varied  field,  such  as  canals  for  carrying- 
and  distributing  water  in  the  irrigation  of  arid  regions,  the 
construction  of  modern  roads,  which  is  just  now  opening  up 
in  almost  inconceivable  proportions  in  every  section,  and  on 
down  to  subway  and  tunnel  excavation,  as  well  as  a  myriad 
of  other  but  equally  important  and  economic  operations. 

For  such  work  the  steam  shovel  was  evolved  and  has 
been  brought  to  a  state  of  efficiency  that  is  astounding. 

One  of  the  latest  and  most  universal  types  is  what  is 
known  as  the  revolving  shovel,  such  as  is  shown  in  the  accom- 
panying illustration  (Fig.  2.)     It  is  mounted  on  a  swiveling 


_M!fe*! 

^'  ^HB^i^?'^^ 

■^  ^*****^/>*»^^i/^XnP  -'  Jm  M^'^ — 

W/UU    : 

Fig.  8.     Revolving  Shovel. 

truck  SO  as  to  revolve  in  a  complete  circle,  and  is  capable  of 
traveling  from  point  to  point  under  its  own  power. 

For  years  practically  all  the  iron  ore  from  the  ranges  of 
the  Northwest  has  not  only  been  mined  and  loaded  into 
cars  by  steam  shovels,  but  the  beds  of  ore  have  been  previ- 
ously stripped  of  the  overburden  of  soil  by  the  same  ma- 
chines. This  has  been  a  most  important  factor  in  the  devel- 
opment of  the  steel  industry,  and  its  effect  on  the  cost  as  well 
as  the  increased  production  of  iron  and  steel  can  hardly  be 
computed. 

The  field  is  still  open  for  unlimited  improvements  and 
each  year  brings  forth  new  opportunities  for  expanding  the 
range  of  usefulness  of  machinery  of  this  class,  which  should 
not  be  overlooked  by  the  engineer. 
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PSINGIPLE8  OF  DRAINAGE  DISTRICT 
ASSESSMENTS 

By  R.  G.  Flaugher,  '12* 

STBOfwis:  The  enclnecr  In  cluirse  of  dimlnsffe  projects  meeta  nuuiy 
prtblens  In  his  contact  with  owners  of  fannlnir  Innd  and  by  no  menns  the 
iMt  of  these  Is  the  qneetion  of  npportlonlnir  assessments  accordlnf  to  the 
value  whleh  nn  Indlvldnal  will  receiTe»  and  to  the  location  of  his  ffronnd. 
{»  this  article  Mr.  Flanffher  snnunarUes  methods  of  assessments  whleh 
>>«Te  been  osed  snccessfnlly. 

Perhaps  in  few  fields  of  his  endeavor  is  the  engineer 
required  to  exercise  more  tact  and  perseverance  than  in  that 
of  drainage  engineering.  The  great  variety  of  conditions  in 
the  topography  of  the  drainage  area,  the  varying  degrees  of 
soil  fertility,  the  relative  distances  of  certain  tracts  from  the 
"lain  ditch  and  the  completeness  or  incompleteness  of  the 
drainage,  combine  to  make  the  task  of  handling  a  drainage 
district  far  from  a  simple  one.  Furthermore,  because  of 
friction  between  the  interested  parties  concerning  matters 
connected  with  the  drainage  work,  the  engineer  is  often 
^used  much  embarrassment. 

,  The  only  course  to  follow  is  that  of  strict  adherence  to 
^''gineering  principles  and  close  observance  of  the  state 
drainage  laws,  as  well  as  the  use  of  common  sense,  tact,  and 
^^trality. 

.  It  is  impossible  to  lay  down  a  set  method  to  follow  in  the 
^c^ing  of  assessments  or  the  awarding  of  damages.  There 
^^^{  .^^wever,  ten  fundamental  principles  which  apply  in  the 
^3Jcing  up  of  an  assessment  roll  for  a  district. 

1-  A  land-owner  is  by  virtue  of  ownership  entitled  to 
a^y  drainage  that  his  land  may  possess.  He  may  construct 
^^y  system  of  drains  that  he  deems  necessary  so  long  as  it  is 
^^ne  within  the  limits  of  his  land,  provided  the  outlet  is  in  a 
"^tural  watercourse  through  his  own  holdings. 

- .     2.    If  the  natural  outlet  for  the  territory  surrounding 
^^^  is  through  his  own  property  he  cannot  be  assessed  for 
J^y  part  of  a  public  drainage  system  unless  it  is  evident  that 
"^  is  actually  benefited  by  the  drainage  of  the  adjoining 
P^^perty.    Where  the  natural  slope  of  the  surrounding  land 
^^  such  that  without  a  drainage  system  he  would  be  com- 
Pj^lled  to  take  care  of  the  water  coming  from  above  his  land, 
then  the  public  drainage  system  will  benefit  him  to  the  ex- 
tent of  the  injury  suffered  because  of  the  wet  condition  of 
tne  surrounding  land. 


•Cayuga,  Ind. 
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3.  If  no  such  condition  exists  and  no  other  benefit  is 
apparent  the  assessment  should  be  omitted.  On  the  other 
hand,  he  is  entitled  to  recompense  for  the  right  of  way  neces- 
sary for  the  public  drainage  ditch  through  his  land.  Where 
the  owner  refuses  permission  for  the  construction  of  the 
drainage  ditch  through  his  holdings,  the  authorities  may  con- 
demn such  land  for  public  purposes.  The  right  of  passage 
cannot  be  withheld.  The  owner  is  awarded  such  damages  as 
is  necessary  to  cover  injuries  sustained,  by  a  jury  appointed 
for  such  purposes. 

4.  Other  things  being  equal,  the  greater  the  amount  of 
water  removed  from  a  tract  of  land,  the  greater  the  amount 
of  assessment  levied.  An  area  that  is  wet  and  useless  for 
agricultural  purposes  should  be  assessed  proportionately 
higher  if  reclaimed  by  the  construction  of  an  adequate  drain- 
age system  than  other  land  lying  in  the  same  district  which 
has  better  natural  drainage. 

5.  The  land  occupied  by  the  right  of  way  should  not  be 
assessed  for  benefits,  since  it  is  evident  that  owner  will  never 
receive  any  direct  returns  in  the  future.  The  number  of 
acres  used  for  this  purpose  on  each  piece  of  land  should  be 
subtracted  from  the  total  area  and  not  be  considered  on  the 
assessment  sheet.  Although,  theoretically  this  is  correct,  the 
amount  involved  except  in  expensive  improvements  and 
large  areas  owned  by  the  same  individual  is  negligible.  This 
point  is  nearly  always  disregarded. 

6.  Where,  within  the  limits  of  a  district,  the  soils  be- 
cause of  their  type  or  structure  are  variable  in  fertility,  those 
most  fertile  should  be  assessed  proportionately  higher  than 
those  possessing  a  lesser  degree  of  fertility. 

Sometimes  it  occurs  that  one  tract  is  capable  of  produc- 
ing higher  priced  crops,  while  others  are  only  available  for 
the  production  of  ordinary  crops.  This  (Condition  has  often 
obtained  in  the  Kankakee  regions  of  northwestern  Indiana 
and  northeastern  Illinois,  where  the  proximity  to  the  Chi- 
cago markets  renders  the  various  types  of  loam  and  sandy 
loam  soils  very  valuable  for  the  production  of  market  gar- 
den crops. 

7.  If  a  public  drain  incidentally  passes  through  a  tract 
of  land  for  the  purpose  of  giving  more  perfect  drainage  priv- 
ileges tr  the  surrounding  area,  and  in  so  doing  affords  direct 
drainage  to  the  particular  tract  as  well  as  decreases  the  ex- 
penditure necessary  to  complete  its  drainage,  this  land  should 
be  assessed  proportionately  higher  than  the  land  adjoining 
for  the  reason  that  private  drainage  has  been  accomplished 
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at  public  expense.  It  is,  however,  necessary  for  the  proper 
authorities  of  the  drainage  district  to  prove  their  point  in  a 
case  of  this  kind.  Just  such  technical  questions  as  these  are 
constantly  arising.  They  afford  no  end  of  worry  to  the 
engineer  and  no  end  of  remuneration  for  the  members  of 
the  legal  profession. 

8.  The  nearer  a  tract  of  land  lies  to  the  natural  outlet 
^e  smaller  the  assessment  should  be,  provided  the  drainage 
advantages  are  the  same.  The  basis  of  this  principle  lies  in 
^he  fact  that  the  land  more  distant  from  the  outlet  has  been 
brought  within  the  reach  of  drainage  facilities.  The  land 
^'^tiguous  to  the  drainage  ditch  possessed  such  facilities 
P'"evious  to  the  construction  of  the  main  outlet. 

9-  If  complete  drainage  is  not  furnished  to  the  lands 
u  ^^  entire  tract,  those  which  receive  only  partial  drainage 
snoul<j  be  assessed  in  proportion  to  the  benefits  received. 

10.    Outlet  privileges  should  be  assessed  in  proportion 
to  the  distances  from  the  drainage  ditch. 

In  the  construction  of  any  public  artificial  drainage  sys- 

^^>    it  is  seldom  possible  to  avoid  damages  to  property  in 

^^^e   manner  or  other.    Although  the  chief  cause  for  dam- 

^^^    is  the  use  of  land  necessary  for  right  of  way,  there  are 

^^^    claims  for  which  damages  are  allowed. 

The  cutting  up  of  fields  into  irregular  and  small  tracts 
■ '^^^s  extra  time  and  labor  for  the  cultivation  and  harvest- 
^^^f  crops;  the  proximity  of  the  ditch  to  certain  structures 
r  ^  t:lie  destruction  of  the  water  loving  timber,  are  sources 
^  the  awarding  of  damages.  Again  the  destruction  of 
r^'^^^ing  crops  and  the  cost  of  construction  of  additional 
*^^^s  demand  remuneration. 

.,  ^'ext  to  the  damage  to  land  for  right  of  way  purposes, 

^^  damages  to  highway  and  railroad  properties  are  most  im- 
i^^^^nt.  Trafiic  on  highways  is  often  stopped  or  averted 
I     ^^^g  the  construction  of  the  ditch  itself  or  of  the  bridges 

^^cient  thereto.    The  excavated  material  must  be  removed, 

^^ing  some  expense. 

Sailroads  are  affected  to  a  greater  degree  than  high- 
ly s.  Traffic  is  entirely  dependent  upon  a  continuous  line  of 
^^1  and  a  firm  and  undisturbed  roadbed.    It  is  usually  ex- 
^^^ely  costly  or  impractical  to  provide  a  sidetrack  for  tem- 
^^ary  purposes.     Detouring  is  not  always  possible.     Of 
^^Urse  damages  are  sometimes  allowed,  but  seldom  commen- 
^^ate  to  the  expenses  of  delay  and  inconvenience  involved, 
^^ten  a  new  bridge  must  provide  for  the  outlet,  or  an  old 
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structure  be  replaced  by  a  new  one  because  of  additional 
water  carried.  The  railroad  pays  for  the  new  bridge,  of 
course.  The  railroad  also  pays  an  additional  assessment  for 
other  benefits  received,  which,  in  justice,  let  it  be  said,  are 
often  many.  The  value  of  a  well  drained  roadbed  is  very- 
great.  Furthermore,  the  welfare  of  any  railroad  is  directly 
dependent  upon  the  agricultural  resources  of  territory 
through  which  it  passes. 

The  management  of  a  drainage  district  involves  no  little 
responsibility,  and  the  drainage  engineer  must  possess  special 
training.  He  must  not  let  enthusiasm  for  his  work  carry 
him  beyond  the  bounds  of  engineering  technique.  He  must 
be  a  wise  and  honest  counsellor,  he  must  be  well  versed  in 
the  knowledge  of  civil  engineering,  agriculture,  drainage  law 
and  human  nature. 
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SOME  PERSONAL  IMPBESSIONS  OF  AVIATION. 

By  J.  C.  Turpin,  '08* 

Smopftifl:  Mr.  TmplB,  who  was  ono  of  the  fllivt  paplU  of  tho  Wrlsht 
BrotlMrt  hi  the  study  of  •▼Uitlon,  and  whom  we  all  remember  m»  beinir 
<ne  of  the  famone  members  of  the  oridiua  WrUrht  ezhlbltloii  tedbn,  teUs 
in  a  nost  interestlns  waj  of  some  of  his  experienees  while  enlaced  In  this 
▼«7  strennoiis  sport.  It  mlffht  be  well  to  add  that  Mr,  Turpin  and  Mr, 
Walter  Brooklns  are  the  only  sMmbers  of  the  orlflnal  team  that  are  attre 
today,  both  id  them  haTlnir  retired  trouk  the  came  several  years  a^o. 

So  much  has  already  been  written  in  regard  to  avia- 
tion that  the  following  article  will  deal  entirely  with  my 
personal  affiliations  in  the  flying  game.  My  entering  into 
this,  one  of  the  most  alluring  of  sports,  was  during  the 
early  Spring  of  1910,  when  I  was  approached  by  Mr.  Or- 
ville  Wright  who  gave  me  the  opportunity  of  becoming  one 
of  seven  of  the  initial  members  of  the  Wright  exhibition 
team.  My  early  training  began  in  Dayton,  Ohio,  under  the 
personal  tutelage  of  Mr.  Orville  Wright. 

To  the  uninitiated,  learning  to  fly  an  aeroplane  must 
seem  like  a  very  easy  task,  but  I  can  assure  those  who  have 
this  opinion  that  this  is  not  at  all  true.  All  training  of  men, 
then  as  well  as  now,  is  done  in  a  machine  in  the  air,  under 
^e  direction  of  a  proficient  instructor.  The  required  time 
f^r  a  man  learning  to  fly  an  aeroplane  usually  covers  a  per- 
^^^  of  about  four  weeks,  as  the  training  of  new  pilots  can 
only  be  conducted  under  the  most  favorable  weather  con- 
^^tions,  by  which  I  mean  that  air  conditions  must  be  ab- 
solutely calm.  These  conditions  are  most  prevalent  in  the 
^^riy  morning  and  the  late  afternoon. 

In  driving  an  aeroplane  four  directions  must  be  con- 
sidered, the  two  directions  fore  and  aft,  and  also  the  side 
'fiance  of  the  machine.  The  side-balance  is  controlled  by 
^hat  is  called  warping  the  planes.  If  the  right  side  of  the 
^chine  is  low,  the  wings  on  that  side  of  the  machine  are 
harped  or  lowered.  These  lowered  planes  meeting  the  on- 
^sh  of  air,  offer  more  resistance  to  it,  and  are  immediately 
raised.  In  like  manner,  if  the  left  side  of  the  machine  is 
W,  the  left  wings  are  warped,  more  surface  is  exposed  to 
the  air  and  this  side  of  the  machine  is  therefore  raised.  The 
elevation  and  inclination  of  the  plane  is  controlled  by  a  rear 
elevating  rudder.  In  the  first  types  of  planes  built  by  the 
Wrights  the  motor  was  controlled  by  a  foot  lever,  being 
fully  accelerated  at  the  time  of  starting,  and  running  under 
full  power  during  the  entire  time  of  flight,  only  being 
throttled  down  for  making  landings. 


•  The  American  Cotton  Co.,  Boston.  Masa. 
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The  landing  on  an  aeroplane  is  by  far  the  most  difficult 
operation  in  flying,  for  it  is  only  at  this  time  in  coming  close 
to  the  ground  that  the  operator  realizes  the  extreme  speed 
of  the  machine.  When  one  considers  that  a  machine  of  ex- 
tremely light  construction  and  weighmg  around  1200  lbs. 
with  the  operator,  is  compelled  to  land  at  the  rate  of  from 
fifty  to  sixty  miles  per  hour  on  sometimes  very  rough 
ground,  one  can  easily  understand  the  skill  it  requires  to 
avoid  demolishing  the  planes. 

My  first  lesson  and  also  my  first  ride  in  an  aeroplane 
was  to  me  an  extremely  disagreeable  experience.  The  near- 
est approach  to  a  comparison  is  that  of  riding  in  an  auto- 
mobile at  the  rate  of  fifty  or  sixty  miles  and  hour  over 
very  rough  roads.  The  statements  of  those  of  my  passen- 
gers whom  I  took  up  in  later  days  that  they  had  enjoyed  the 
experience  immensely,  I  always  took  "with  a  grain  of  salt," 
as  I  knew  very  well  that  while  they  were  glad  to  have  had 
the  experience,  they  were  more  glad  to  again  be  able  to 
place  their  feet  on  solid  ground.  I  never  experiencd  in  all 
my  flying  career  the  sensation  of  dizziness  due  to  height. 
The  reason  for  this  I  cannot  explain,  for  I,  like  others  when 
in  a  very  tall  building,  looking  down  toward  the  ground, 
have  an  extremely  giddy  sensation. 

During  my  three  years  in  active  flying  I  made  in  all 
about  2500  flights,  flying  in  almost  every  city  in  this  coun- 
try and  during  this  entire  time  I  only  met  with  one  accident. 
Before  a  flight  I  absolutely  assured  myself  that  the  machine 
was  in  as  perfect  condition  as  was  possible,  that  the  motor 
was  delivering  maximum  power,  etc.  In  the  early  days 
of  flying  the  greatest  source  of  trouble  was  the  motor.  Un- 
der the  most  favorable  circumstances  the  motors  only  devel- 
oped thirty-five  horse  power,  and  their  life  in  the  air  was 
about  twenty  hours.  I  have  many  times  had  the  experi- 
ence while  in  the  air  of  having  an  exhaust  valve  drop 
through  the  head  of  a  piston  and  come  out  through  the 
bottom  of  the  crank  case.  In  order  to  guard  against  such 
troubles  it  was  always  my  policy  to  fly  as  high  as  possible, 
for  in  height  there  was  safety.  To  explain  the  foregoing 
statement  I  will  say  that  the  gliding  angles  of  these  planes 
were  about  six  to  one,  in  other  words,  for  one  foot  verti- 
cal drop  of  plane,  you  could  glide  in  a  horizontal  direction 
six  feet.  By  flying  at  a  fairly  good  height  of  say  approx- 
imately 2000  feet,  this  would  mean  that  in  case  your  motor 
stopped,  if  landing  conditions  were  not  favorable  directly 
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underneath,  you  could  glide  a  distance  of  over  a  mile,  and 
in  this  radius  you  could  easily  pick  out  favorable  landing 

conditions. 

One  experience  above  all  others  will  always  remain 
vividly  impressed  upon  my  mind.  This  occurred  in  Cali- 
fornia in  a  flight  from  Venice  to  Long  Beach,  a  distance 
across  country  of  about  twenty  miles.  Both  towns  are  lo- 
cated on  the  coast.  I  had  completed  my  exhibition  in  the 
former  place  and  was  flying  my  planes  to  Long  Beach  in 
order  to  be  shipped  East.  The  day  was  exceedingly  foggy 
and  the  clouds  hung  at  a  distance  of  not  over  1000  feet 
above  the  earth.  As  I  knew  the  course  well  between  these 
two  points,  I  decided  to  mount  above  the  clouds  in  order 
to  strike  better  atmospheric  conditions.  My  readers  will 
understand  that  when  I  make  the  statement  of  flying  above 
the  clouds  that  under  these  conditions  the  earth  is  absolutely 
blotted  from  view.  After  flying  for  what  I  considered  to 
^  the  proper  time  to  cover  the  distance  between  these  two 
Peaces,  I  began  to  make  my  descent,  and  upon  coming 
through  the  cloud  banks  I  found  that  instead  of  being  near 
Long  Beach  the  wind  had  carried  me  over  ten  miles  out  to 
^-  Under  these  conditions  I  was  absolutely  at  the  mercy 
of  my  motor  for  if  it  had  stopped  at  that  time,  there  would 
have  been  nothing  for  me  to  do  but  make  a  landing  in  the 
^^ter,  and  this  would  have  been  very  serious  as  there  is 
v^ry  little  traffic  along  these  shores.  However  in  this  case, 
^s  in  many  others,  my  motor  power  remained  faithful  to 
the  last  and  I  was  able  to  reach  shore  without  any  further 
qualms. 

The  aeroplane  of  today  has  been  refined  in  many  de- 
tails over  the  machines  of  five  years  past,  as  to  workman- 
ship, construction  and  to  far  superior  motors.  But  as  to 
the  handling  of  the  plane  and  as  to  the  safety  of  the  oper- 
ator exclusive  of  the  above  features,  no  advancements 
nave  been  made.  This  step  however  is  bound  to  see  the 
hght  of  day  within  the  near  future,  and  it  is  my  opinion 
that  in  the  next  twenty-five  years,  aviation  will  have  ad- 
yanced  to  a  point  where  there  will  be  comparative  safety 
*"  the  operation  of  aeroplanes. 
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SOME  PHASES  OF  RAILWAY  TRAFFIC  STUDY 
WORK 

By  L.  E.  Stibbe,  '15* 

S7i>op«U:     The  method  of  taking  and  worktnc  np  the  data  and  the 
Interpretation  of  the  reoolts  of  a  street  rallwajr  tralTIc  stady  Is  dcacrlbed. 

The  profits  of  an  electric  road  depend  primarily  on 
the  effectiveness  of  its  schedule.  Especially  is  this  true 
in  the  case  of  city  lines  where  the  income  depends  almost 
exclusively  on  passenger  traffic,  when  it  is  necessary  that 
the  company  conform  in  a  sense  to  the  movements  of  the 
people.  The  aim  of  the  company  should  be  to  have  only  a 
sufficient  carrying  capacity  at  the  proper  place  and  at  the 
proper  time.  The  number  of  passengers  carried  per  car 
mile  should  be  a  maximum,  and  this  results  directly  from 
a  proper  schedule,  which  in  turn  can  only  be  arranged 
with  a  thorough  knowledge  of  the  movement  of  the  waves 
of  people,  their  magnitude,  and  the  time  when  such  waves 
occur.  More  than  this,  the  operation  of  a  street  railway 
system  is  a  public  enterprise,  and  due  to  this  fact  too,  it 
behooves  a  company  to  strive  to  give  complete  and  efficient 
service  for  other  reasons  than  for  personal  financial  gain. 
Operation  in  congested,  or  even  frequently  congested  city 
districts,  is  subject  to  complications,  remedies  for  which 
become  almost  imperative.  It  is  acknowledged  that  for 
the  arrangement  and  application  of  a  satisfactory  schedule, 
knowledge  of  details  regarding  the  service  and  traffic  con- 
ditions must  be  available,  and  this  can  best  be  obtained 
through  observations  and  data  taken  in  a  thorough  traffic 
study. 

Traffice  studies,  therefore,  should  be  conducted  with 
a  view  toward  determining  if  the  public  is  realizing  the  best 
possible  service,  under  the  most  profitable  operation  from 
the  company's  standpoint.  The  data  should  be  sufficient 
to  make  it  truly  representative  of  all  or  many  conditions 
of  operation,  and  any  results  influenced  by.  some  unusual 
occurrence  should  be  recognized  and  noted.  Observations 
should  not  only  be  made  throughout  the  entire  day,  but  the 
study  should  extend  over  a  period  of  time  sufficient  to  in- 
clude possible  changes  in  business  and  weather  conditions. 

DiflFerent  methods  of  obtaining  data  may  be  used.  Ob- 
servers may  be  stationed  at  some  point  of  maximum  loads 
along  the  route  to  record  the  loads  on  all  cars  that  pass. 
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This  method  can  be  used  only  to  find  approximately  how 
the  loads  occur  and  how  they  are  being  handled,  and  only 
on  the  more  simple  city  lines.    A  more  complete  method  is 
to  ride  on  all  the  cars  or  on  a  representative  car  the  en- 
tire length  of   its   route,   recording   the   changes   in   load 
at   each    stop,   the  character   of   the  traffic,   and   all   the 
conditions  obtaining.    Fig.  No.  i  is  a  fac-simile  of  a  data 
sheet  with   data   taken   by   the   latter   method,   which,   as 
are  also  the  figures  following,  is  taken  from  the  results  of 
an  extensive  traffic  study  on  one  of  the  city  lines  of  the 
LaFayette  (Indiana)  Street  Railway  system. 

Referring  now  to  Fig.  No.  i,  at  the  top  is  recorded 

some  general  data.     In  the  ruled  sections  below  is  found 

the  special  data,  which  includes  for  one  trip,  "out"  and 

'^."  the  number  of  people  who  get  on  or  off  at  each  stop, 

tneir  classification,  the  time  consumed  at  each  stop, — taken 

^^^  a  stop  watch, — the  number  standing  in  the  car,  and 

r^  total  number  of  passengers  being  carried.     The  latter 

Jtem  is  readily  calculated  after  the  trip  is  made.    The  num- 

^^  standing  is  taken  so  that  if  a  few  passengers  usually 

^nd   by  preference,  the  virtual  capacity  of  the  car  may 

^    taken,  when  considering  overloads,  as  a  certain  per- 

^^ntagre  above  its  seating  capacity.    In  the  parenthesis  are  re- 

2|5^ed  the  register  readings  at  the  end  of  the  trip  each  way. 

aese  values,  due  to  some  children  and  so  called  dead- 

^^ds  riding,  is  usually  smaller  than  the  total  number  of 

P^^ple  carried  for  the  trip,  and  may  be  used  to  calculate  a 

P^^^entage  of  paying  passengers. 

The  calculated  values  tabulated  in  the  "Total  On"  col- 
^^"^^  are  the  actual  loads  at  points  along  the  route,  and  tak- 
^^  Collectively  they  show  readily  how  the  load  on  the  car 
actually  varied.  The  method  in  most  common  use  for  rep- 
^^^^nting  this  variation  is  by  the  use  of  curves  plotted  with 
"^^se  values  of  load  as  ordinates,  corresponding  to  points 
,  ^^g  the  route  as  abscissae.  Fig.  No.  2  shows  a  so-called 
.?^^-^curve  for  one  trip  "out"  and  "in."     Besides  showing 

^  general  variation  in  load  over  the  route,  it  is  drawn  to 

.    ^w  the  loads  to  be  constant  between  stops  and  the  change 

*oad  at  each  stop.    The  comfortable  load  line  is  drawn 

^    ^"^  value  of  the  virtual  capacity  of  the  car  as  calculated 

^  *^he  method  explained  above. 

It  is  obvious  that  values  for  these  load  curves  must  be 

J^^^^e  values.     If  it  is  seen  that  the  waves  of  traffic  oc- 

^  i^  a  relatively  similar  way  on  certain  days  of  the  week, 
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then  data  taken  on  these  days  should  be  grouped  and  aver- 
aged together.  Again,  it  is  reasonable  to  suppose  that  the 
trafiic  will  vary  according  to  a  rule  at  the  same  periods  of 
the  days  in  any  one  group.  Therefore,  load  values  should 
also  be  averaged  from  data  taken  at  the  same  hours.  Con- 
sequently, a  set  of  hourly  load-curves  should  consist  of  one 
for  each  period  of  time  embracing  the  time  of  the  trip  and 
there  should  be  as  many  such  sets  as  there  are  groups  of 
days  on  which  the  traffic  is  held  to  be  similar. 
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If  a  general  average  load-curve  is  desired  represent- 
ing all  the  days  on  which  observations  were  made,  values 
for  it  may  be  found  by  adding  the  loads  realized  at  each 
point  on  the  route  for  all  the  trips  made  and  dividing  by 
the  number  of  trips.  Or  if  values  for  the  sets  of  hourly 
load  curves  have  been  found,  these  may  be  added  for  each 
point  on  the  route,  and  the  sum  divided  by  the  number  of 
sets  of  curves  being  used. 

The  type  of  curves  spoken  of  thus  far  are  very  good 
to  depict  conditions  of  traffic  within  the  limits  of  the  route 
and  for  any  period  of  the  day.    However,  besides  knowing 
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the  variation  in  load  within  the  time  of  the  run  or  trip,  and 
for  a  succession  of  consecutive  trips,  it  is  often  desirable 
and  interesting  to  know  the  variation  of  the  maximum  load 
with  time,  extending  over  a  period  of  a  whole  day.  To  this 
end  so-called  all-day  load-curves  for  any  group  of  days 
may  be  drawn  as  shown  in  Fig.  No.  3.  These  curves  show 
the  variations  in  the  total  number  of  people  carried  per 
trip.  But  similarly  for  a  group  of  days  they  must  repre- 
sent average  values  and  as  such  may  be  transferred  from 
the  highest  point  on  each  of  the  hourly  load-curves  already 
drawn.  In  a  word,  these  curves  show  the  total  number  of 
people  riding  "in"  and  "out"  at  all  times  of  the  day. 

The  first  indication  of  an  incompetent  schedule  and 
poor  service  is  the  existence  of  frequent  and  successive 
over-loads.  From  the  company's  standpoint  unsatisfactory 
service  is  more  quickly  made  evident  by  consistent  zero- 
loads.  The  necessity  for  improvement  as  well  as  its  pos- 
sibility lies  in  the  recurrence  of  these  abnormal  loads.  The 
waves  of  heavy  traffic  that  a  schedule  must  sometimes  be 
corrected  to  relieve  are  shown  most  readily  on  the  all-day 
load-curves.  Referring  again  to  Fig.  No.  3,  they  are  seen 
to  be  of  but  short  duration  and  may  be  accounted  for  in  this 
case  as  follows:  Workmen  and  clerks  go  "in"  from  6:30 
to  8:30  in  the  morning;  clerks  and  business  men  go  home 
at  12  :oo  M. ;  and  some  return  about  i  :oo  P.  M. ;  shoppers 
and  clerks  return  home  from  5:00  to  6:00  P.  M.,  thus 
causing  the  only  average  over-load  for  the  group  of  days 
that  this  curve  represents ;  theatre  goers  and  others  go  "in" 
about  7:30  P.  M.,  and  larger  loads  of  the  same  go  "out" 
after  nine  o'clock. 

Cars  are  generally  chosen  to  best  suit  the  purposes 
which  they  will  serve.  They  and  their  equipment  are  de- 
signed to  give  the  most  satisfactory  service  in  their  sphere 
of  operation.  For  instance,  the  power  and  braking  equip- 
ment on  a  car  used  in  a  congested  business  district  must 
be  such  as  to  accelerate  and  decelerate  the  car  quickly. 
More  than  this,  the  cars  themselves  may  be  designed  to  en- 
able the  passengers  to  move  more  advantageously,  thus  re- 
ducing the  time  of  stop  to  a  minimum,  which  in  turn  re- 
duces the  time  necessary  to  complete  a  trip.  To  compare 
in  this  respect  the  use  of  cars  of  different  designs,  the  data 
recorded  on  the  time  of  stops  is  utilized.  Thus  it  may 
be  found  that  a  single  vestibuled  Monitor  type  car  may 
be  much  less  efficient  in  handling  passengers  than  the  more 
recent  P.  A.  Y.  E.  or  Near  Side  cars  or  those  with  a  center 
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rig.  3. 

entrance  or  the  double  vestibuled  type.  To  represent  ef- 
fectively the  results  on  the  time  of  stops  there  should  be 
figured  an  average  value  per  passenger  of  time  in  seconds 
required  to  board  or  alight  for  separate  cases  when  differ- 
ent numbers  of  passengers  get  on  or  oft. 

The  foregoing  are  the  more  important  results  and  facts 
disclosed.  Other  things  of  more  or  less  detail  may  be  dwelt 
upon  such  as  car  heating  and  ventilation,  courtesy  of  em- 
ployees, convenience  in  placing  cars,  how  the  qualities  of 
traffic  affect  the  service,  etc.,  suggestions  for  which  develop 
out  of  the  particular  conditions  and  circumstances  in  hand. 
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The  study  in  which  the  writer  was  interested,  and  from 
which  the  foregoing  plates  were  taken,  was  made  for  ten 
complete  days.  The  average  maximum  load  "out"  and  "in" 
respectively  during  the  whole  period  was  only  40%  and 
25%  of  the  comfortable  load,  and  at  no  time  was  it  seen 
advisable  to  lighten  the  schedule.  The  percentage  of  pay- 
ing passengers  for  six  of  the  ten  days  was  88%  to  94% 
of  the  total  number  carried.  Such  statistics  are  perhaps 
not  uncommon.  Problems  that  confront  officials  of  any 
public  utility  company  are  seldom  comprehended  by  the 
complaining  public  which  does  not  even  realize  that  there 
is  a  limit  to  the  distance  a  patron  can  profitably  be  carried 
for  the  customary  five-cent- fare.  Moreover,  with  the  com- 
ing of  the  jitney  in  very  recent  years,  electric  railways  have 
met  a  not  only  formidable  but  unfair  competitor,  and  leg- 
islation will  be  gladly  welcomed  that  puts  these  two  operat- 
ing companies  on  a  more  equal  basis,  sharing  alike  the  ex- 
pense and  responsibility,  as  well  as  profits.  Too  often  we 
find  those  who  look  defiantly  at  a  needful  corporation  as  if 
at  the  hand  of  an  oppressor,  and  a  more  congenial  and  co- 
operative spirit  can  only  be  obtained  through  a  more  gen- 
erally educated  public. 
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IS  THE  ANSWEB  YES  OB  NO? 

By  F.  F.  CHANDI.ER,  '99* 

SyBopsis:  Mr.  Chandler  In  this  pnper  condemns  the  Public  Scrrlee 
C«rp«ratioD«  for  not  performing  the  Mrrlce  to  the  Public  thnt  their  nnme 
ImpliM  and  that  their  frsnchlsee  require.  As  nn  exnmple  of  •  successful 
moiUclpsl  owned  utility,  the  smnll  isoimted  power  plnnts  of  Oemuuij  nre 
dted,  and  the  reason  for  their  successful  operation  explained.  It  is  claimed 
t^  PsUle  Service  Corporations  in  this  country  are  In  the  hands  of  An- 
aoden,  who  manipulate  them  so  as  to  yield  larso  dlTldends  to  themselves* 
ud  the  PubUc  has  to  pay  the  blU.  Prediction  is  made  that  this  country 
h  coming  to  municipal  ownership. 

This  is  not  a  love  story  or  a  novel  with  a  detective 
sleuth  plot,  although  it  must  be  admitted  that  the  caption 
has  an  air  of  mystery  about  it.  But  as  the  subject,  itself, 
is  more  or  less  mysterious,  it  is  felt  that  the  caption  is  as 
good  as  any  which  could  be  selected.  Like  a  great  many 
citizens  who  live  in  any  city  large  enough  to  boast  of  hav- 
ing Public  Service  Utilities,  the  writer  has  a  suspicion  that 
these  organizations  of  capital  are  not  really  Public  Utilities 
at  all,  but  are  in  reality  footballs  in  the  scrimmage  for 
wealth.  What,  in  truth,  is  to  be  dealt  with  in  this  paper  is 
therefore,  "Shall  we  have  municipal  ownership?"  Is  the 
answer  yes  or  no? 

In  any  game  of  athletics  the  real  way  to  become  fa- 
miliar with  tfie  feints  of  the  adversary  is  to  play  the  game 
gainst  him.  Feint  is  a  good  word.  The  dictionary  says 
that  it  means  pretense  or  mock  attack,  and  mock  attack 
means  to  pretend  to  do  something  which  is  not  intended 
to  be  done. 

Public  Service  Corporation  is  a  phrase  pleasing  to  hear. 
I't  is  a  good  selection  of  words  meant  to  carry  a  high  toned 
thought,  but  let  us  see  what  the  word  "serve"  means.  "Serve" 
means  to  be  subordinate  or  subservient  to,  to  aid  by  good 
offices,  to  minister  to  the  wants  or  well  being  of.  We  must, 
all  of  us,  admit  immediately  that  Public  Service  Corpora- 
tions are  not  subordinate  or  subservient  to  the  people.  They 
yo  minister  to  the  wants  or  well  being  of  the  people,  but  not 
m  the  big  wholesome  way  that  the  word  service  implies. 
In  short,  they  do  not  serve  the  public  as  well  as  they  could 
^nd  should  do,  and  they  therefore  pretend  to  do  something 
which  they  do  not  accomplish.  This  is  a  rather  plain  way 
of  saying  it,  but  just  play  the  game  against  these  adversar- 
ies for  a  while  and  you  will  find  out  that  these  statements 
are  true. 

Sales  Manager,  The  Chandler  &  Taylor  Co.,  Indianapolis.  Ind. 
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The  writer  does  not  mean  that  the  people  would  be 
better  off  without  these  Public  Service  Corporations,  be- 
cause that  would  not  be  true.  The  fact  is  certainly  appre- 
ciated that  good  light,  good  heat,  good  water,  good  trans- 
portation, etc.,  are  all  conveniences  which  every  one  is  bet- 
ter off  for  having.  It  is  found,  however,  that  when  our 
franchises  are  given  up  for  these  benefits,  we  still  have  to 
fight  to  get  the  benefits,  and  generally  speaking,  we  have  to 
pay  more  for  them  when  we  do  get  them  than  the  same 
service  is  worth.  It  is  felt  that  if  the  public  only  knew 
what  the  writer  hats  learned  from  long  contact  with  public 
utilities,  they  would  vote  for  municipal  ownership  at  the 
first  opportunity. 

Because  a  study  of  whether  or  not  we  should  have  mu- 
nicipal ownership  is  an  interesting  one  and  one  which  the 
readers  of  the  Purdue  Engineering  Review,  as  engineers, 
should  delight  in,  the  writer  wishes  to  point  out  some  gen- 
eral facts  in  connection  with  the  problem.  It  can  be  said 
of  municipal  ownership  of  Public  Utilities  that  it  has  no 
reason  to  exist  unless  the  people  can  themselves  own  and 
operate  the  utilities  at  a  less  cost  than  the  price  which  they 
are  compelled  to  pay  when  the  utilities  are  privately  owned. 
The  problem  therefore  becomes  this :  Can  utilities  be  oper- 
ated more  cheaply  by  the  people?  If  they  can,  then  the 
people  will  want  municipal  ownership.  The  writer  believes 
that  the  answer  is  "yes"  and  that  privately  owned  utilities, 
or  a  great  many  of  them  at  least,  could  serve  the  public  and 
more  cheaply  than  they  do.  They  will  not  do  so,  however, 
unless  they  are  forced  to  it. 

There  are  a  great  many  items  which  have  to  be  care- 
fully weighed  in  this  consideration.  No  particular  problem 
will  be  taken  up  and  analyzed  carefully  for  you,  but  there 
are  some  pertinent  facts,  made  by  precedents  which  stand 
out  strongly  in  favor  of  letting  the  people  serve  themselves. 

Electricity,  for  instance,  costs  the  people  of  Germany 
one-half  of  what  it  costs  in  this  country.  In  Germany,  this 
electricity  is  made  with  coal  which  costs  four  or  five  times 
w^hat  coal  costs  in  this  country  and  coal  is  next  to  the  larg- 
est item  in  the  cost  of  production.  Labor  is  the  item  which 
comes  next  to  coal.  Labor  is  cheaper  in  Germany  than  in 
the  United  States  but  not  enough  cheaper  to  account  for 
this  great  difference  in  the  cost  to  the  consumer. 

There  is  a  large  loss  in  the  transmission  and  transfor- 
mation of  electric  current.  It  is  surprising  to  know  that 
such  losses  between  the  switch  board  and  the  customers' 
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meters  vary  from  25%  to  40%.     In  the  great  progressive 
metropolis  of  New  York  it  is  stated  that  this  loss  is  42%. 
This  loss  of  current  in  this  country  is  partially  accounted 
for  by  the  custom  of  building  one  large  generating  station 
and  the  consequent  long  transmission  lines.     Abroad,  the 
generating  stations  are  smaller  and  are  larger  in  number.  The 
building  of  these  at  logical  distribution  centers  cuts  down  the 
transmission  loss.     Railroads  find  this  same  difficulty  in 
handling  cars  in  one  large  terminal.     The  cost  per  car  is 
W^r  than  if  the  terminals  are  smaller  and  more  advan- 
tageously situated.     Central  station  managers  say  that  if 
"^^  insurance  companies  in  the  United  States  would  let 
mem  string  their  lines  as  they  are  permitted  to  string  them 
^  Germany,  the  line  investment  would  drop.    It  is  argued 
that  if  the  lines  in  Germany  are  strung  so  cheaply  and  in 
a  way  so  that  the  fire  hazard  is  increased  (as  is  claimed 
"^'■^)  then  the  line  losses  in  Germany  would  be  greater  than 
^^y  are  here.     The  comparative  cost  of  current  there  is 
lower  so  that  the  argument  does  not  "hold  water." 

.       In  this  country  some  of  the  board  of  underwriters  have 

y^^^  guilty  of  conniving  with  central  station  interests  and 

l^ave  passed  rules  and  regulations  which  have  favored  Cen- 

^^.   Stations.     These  rules  have  been  against  the  interest 

til  '^^^^^^^  plants.    Private  plants  to  some  degree  carry  out 

,  ^  Economical  divisional  idea  of  generating  stations  which 

j^^E     proved    economical    in    Europe.      As    the    overhead 

c  arjgr^s  of  conducting  central  station  business  in  this  coun- 

J^  is  about  two  and  one-half  times  the  cost  of  producing 

E   Current,  this,  then,  becomes  the  first  place  to  criticise 

Even  those  items  of  overhead  expense  in   Germany 

^y  as  taxes,  interest,  insurance,  salaries,  etc.,  are  no  small- 

^^  per  cent  than  they  are  here.    If  this  is  true,  then  the 

^^Sent  rate  theories  in  this  country  are  harmful  as  well  as 

^Eficial  to  the  interests  which  use  them. 

AiVhile  a  large  share  of  the  overhead  expense  is  made 

th^    ^f  interest  charges  on  watered  stocks  and  bonds,  yet 

..  ^^e  is  also  incorporated  in  the  overhead  expense  a  large 

.  ^^^  for  advertising  and  for  salaries  of  the  solicitors  who 

T^  to  induce  owners  of  isolated  plants  to  shut  them  down. 

.^  posts  money  to  do  this  and  even  if  the  plant  is  shut  down 

.^s  often  done  at  a  rate  so  low  that  the  price  will  not  per- 

^^t  the  rate  to  carry  any  proportion  of  the  overhead  ex- 

^nse  whatever.    A  member  of  the  Indiana  Public  Service 

^^mmission  has  admitted  that  such  rates  do  exist.     The 
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result  of  this  method  of  dealing  loads  upon  the  central 
station  with  more  equipment,  which  costs  money  and  which 
also  calls  for  further  watering  of  stock,  puts  the  burden  on 
the  small  consumer. 

The  above  facts,  which  show  that  current  is  sold 
cheaper  abroad  than  it  is  sold  here,  may  leave  you  wonder- 
ing where  the  real  trouble  lies.  Abroad,  the  current  is  pro- 
duced in  a  number  of  stations  instead  of  one ;  the  produc- 
tion costs  less  in  spite  of  the  high  fuel  cost ;  the  line  losses 
are  less;  the  interest  charge  is  less.  Perhaps  you  do  not 
know  that  in  plants  as  small  as  35  K.  W.  the  coal  needed 
amounts  only  to  about  one  and  one-half  pounds  per  K.  W. 
hour. 

Look  up  what  it  costs  here.  In  this  country,  central 
station  engineers  have  admitted  that  they  can  not  hope  to 
compete  with  an  isolated  plant  which  has  use  for  all  its  ex- 
haust steam.  Furthermore,  exhaust  steam  will  produce  a 
ton  of  ice  in  24  hours  for  every  three  engine  horse  power 
produced.  Ice  has  been  produced  as  a  by-product  in  Cen- 
tral stations  for  29c  a  ton.  Roughly  speaking,  if  central 
stations  should  go  into  the  ice  business,  then  privately 
owned  ice  plants  would  have  no  cause  to  exist  and  the  price 
of  ice  would  drop  to  8  or  10  cents  per  hundred  pounds  in- 
cluding the  delivery.    What  do  you  pay  for  ice  ? 

Of  course,  this  would  mean  a  fight  from  the  ice  man, 
but  you,  as  engineers,  should  interest  yourselves  in  these 
things.  You,  as  citizens,  should  interest  yourselves  in  the 
juggling  of  securities  as  is  carried  on  by  the  central  stations. 
It  is  nothing  short  of  criminal*  Some  day  the  people  are 
going  to  settle  this  condition  correctly. 

The  writer  has  no  intention  of  fighting  against  private- 
ly owned  utilities  when  they  are  properly  conducted.  But 
the  Merchants  Heat  &  Light  Co.,  of  Indianapolis,  for  ex- 
ample, started  with  about  $275,000  in  stock.  They  did  not 
build  much  of  a  plant  but  used  exhaust  steam  to  good  ad- 
vantage. They  grew  into  prominence  on  that  account,  at- 
tracting the  attention  of  capitalists.  Then  came  the  usual 
issuing  of  preferred  stock  and  bonds,  which  after  all  is 
only  another  way  of  borrowing  money  which  a  bank  would 
not  lend.  Interest  has  been  paid  right  along  and  this  com- 
pany now  values  itself  at  about  $6,000,000.  An  interesting 
chapter  in  the  career  of  this  utility  shows  that  in  one  trans- 
fer a  very  few  men  netted  nearly  $700,000.  Its  president 
is  stated  to  have  received  $400,000  of  this  amount.     His 
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profit  alone  was  about  150%  of  the  original  investment.  The 
Indianapolis  Water  Company  starting  out  with  half  a  mil- 
lion dollars,  has  paid  out  dividends  of  $6,000,000  and  has 
$8,000,000  left.  The  newspapers  show  these  conditions  to 
exist  all  over  the  country. 

A  good  many  cities  now  have  most  successful  munici- 
pally owned  plants.  Anderson  and  Richmond  in  Indiana, 
Detroit  and  Cleveland  have  their  own  electric  light  plants, 
St.  L^uis  and  many  other  cities  own  their  water  works,  and 
rt  would  pay  one  to  investigate  their  rates  and  earnings. 

It  is  true  that  many  places  have  shown  failures  but  the 
cause  has  always  been  politics.  Is  there  any  less  sense  in 
having  municipally  owned  water,  light  or  ice  plants  or  in- 
cinerators than  there  is  in  having  municipally  owned  streets, 
se>vers  and  fire  protection?  If  you  as  engineers  will  look 
Jnto  the  advantage  which  will  come  from  the  combination 
of  plants,  the  result  will  be  surprising.  It  is  in  this  manner 
that  the  German  industrial  engineers  gain  prominence. 
There,  they  feel  that  if  they  take  care  of  the  pfennigs,  the 
"^^rlcs  will  take  care  of  themselves,  while  in  this  country 
the  financiers  will  take  care  of  the  millions  if  the  "easy 
"^^rks"  will  let  them  alone.  The  writer  is  not  a  socialist 
but  he  thinks  he  has  a  keen  sense  of  justice. 

In  conclusion,  the  absolute  prediction  is  made  that  we 
as  a  country  are  coming  to  municipal  ownership.    We  are 
S^^ng  to  furnish  ourselves  with  water,  light,  gas,  ice  and 
garbage  and  rubbish  disposal  and  we  are  going  to  do  it 
"^^er  and  cheaper  than  it  is  now  done.    Are  you  as  engin- 
eers preparing  yourselves  for  it?    If  not,  you  are  missing  a 
^^g  opportunity. 
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LOSS  OF  HEAD  IN  PIPES,  BENDS,  VALVES  AND 
OTHEB  FITTINOS 

By  W.  E.  Stanley* 

Synopsis:  This  article  gives  the  reenlts  of  an  extenslTe  series  of 
experiments  conducted  In  the  Hydranllc  Laboratory  of  Purdue  University 
far  the  purpose  of  determlnlni:  the  friction  losses  In  bends  of  various  radii* 
and  In  valves  of  several  types  and  at  different  openings.  The  apparatus 
and  the  method  of  cmiductlnK  the  tests  is  described  In  detail. 

The  flow  of  water  in  pipes  is  something  with  which 
almost  every  person  is  more  or  less  acquainted,  yet  this  very 
common  action  brings  into  existence  many  problems  which 
have  attracted  the  attention  and  taxed  the  abilities  of  some 
of  the  best  hydraulic  engineers  and  hydraulicians  in  the  past. 

One  of  the  important  questions  in  this  connection  is 
that  of  the  quantity  of  energy  necessary  to  overcome  the 
frictional  and  other  resistances  to  the  flow  in  a  pipe  line. 
Many  experiments  have  been  conducted,  both  in  the  labora- 
tory and  in  the  field,  upon  pipes  varying  in  diameter  from 
i-io  inch  to  90  inches  in  the  endeavor  to  establish  the  rela- 
tion between  the  velocity  of  flow  and  the  loss  of  head  for 
that  velocity.  A  larg^  amount  of  data  have  become  available 
from  these  experiments  for  the  use  of  the  engineer,  from 
which  he  may  estimate,  with  some  degree  of  accuracy,  the 
losses  which  will  occur  in  the  straight  portions  of  a  pipe  line ; 
but,  as  yet,  data  from  which  an  estimate  may  be  made  of  the 
losses  due  to  the  bends,  valves  and  many  other  standard  and 
special  fittings  to  be  found  in  any  pipe  line  are  extremely 
limited  in  both  quantity  and  quality. 

It  is  the  object  of  this  article  to  describe  and  present  a 
few  of  the  general  results  of  an  extensive  series  of  experi- 
ments conducted  from  April  to  June,  1915,  in  the  Hydraulic 
Laboratory  of  Purdue  University,  primarily  to  study  the 
effects  of  bends  of  various  radii,  valves  of  several  types  and 
at  different  openings,  and  several  standard  and  special  pipe 
fittings.  The  experimental  work  was  performed  by  the 
writer  as  a  part  of  his  graduate  thesis  and  by  Mr.  I.  Mazur, 
'15,  who  used  the  part  pertaining  to  bends  as  an  under-grad- 
uate  thesis.  All  experiments  were  made  on  i-inch  pipe  and 
fittings. 

The  pipe  used  was  ordinary  commercial  black  wrought- 
iron  or  steel  pipe  having  an  average  internal  diameter  of 
1.0306  inches,  as  determined  from  measurements  by  a  ver- 
nier caliper  at  each  end  of  all  pieces  used.  The  pipe  line, 
as  set  up  for  testing,  consisted  of  three  experimental  sec- 

•  Aeaistant  In  Hydraulic  Laboratory,  Purdue  University. 
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tions.  The  first  section  contained  a  bend  and  two  tangents 
of  straight  pipe ;  the  second  section  was  40  feet  of  straight 
pipe ;  the  third  section  contained  a  valve  and  two  lengths  of 
straight  pipe. 
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The  loss  of  head  through  each  section  of  the  pipe  line 
^^s  obtained  by  either  a  water  differential  gauge  or  a  mer- 
^^  differential  gauge  (Fig.  i)  connected  by  a  j4-inch 
brought  iron  pipe  to  specialize  piezometer  rings  at  each  end 
^^  the  section.  Losses  of  head  for  low  velocities  were  de- 
termined by  the  water  gauges  while  those  for  the  higher 
velocities  were  determined  by  the  mercury  gauges.  In  a  few 
^ses,  pressure  gauges  were  used  when  the  losses  were  be- 
yond the  range  of  the  mercury  gauges. 
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Tests  were  conducted  on  the  bends,  valves,  and  fittings 
shown  in  Fig.  2.  Bends  Nos.  i  to  6,  inclusive,  were  made 
by  bending  to  the  proper  radius  lengths  of  pipe  similar  in 
character  to  the  straight  pipes.  Bends  Nos.  7  and  8,  respec- 
tively, were  standard  "long  turn"  and  "short  turn"  cast-iron 
90°  elbows.  No.  9  was  a  standard  cast-iron  "long  sweep 
special"  tee,  and  No.  10  was  an  ordinary  standard  cast-iron 
tee.  The  valves  were  standard  brass  valves,  No.  i  being  a 
gate  valve.  No.  2  a  globe  valve,  and  No.  3  a  check  valve. 

In  conducting  the  experiments,  the  method  used  was 
such  that  simultaneous  readings  were  taken  over  all  three 
experimental  sections,  the  gauges  being  located  so  that  one 
observer  could  take  care  of  the  bend  and  the  40  feet  of 
straight  pipe  sections  while  the  second  observer  took  care  of 
the  valve  section  and  the  weighing  of  the  water  used. 

Twenty-five  to  thirty  runs  of  three  to  ten  minutes  dur- 
ation were  made  on  each  bend  and  for  each  valve  setting, 
with  velocities  from  i  to  13  feet  per  second.  After  complet- 
ing the  experiments  on  the  bends,  valves  and  other  fittings, 
the  pieces  of  pipe  forming  the  tangents  in  the  bend  and  valve 
sections  and  the  40  feet  of  straight  pipe  section  were  all 
connected  together  making  a  straight  length  of  80.09  feet 
for  which  length  a  series  of  values  for  loss  of  head  was  de- 
termined. Altogether  514  runs  were  made,  comprising  ap- 
proximately 18,000  readings  of  gauges  and  weights. 


Digitized  by 


Google 


Friction  Losses — Stanley 


lOI 


Fig.   3. 


Digitized  by 


Google 


I02 


Purdue  Engineering  Review 


Effect  of  Straight  Pipe 

The  loss  of  head  per  lOO  feet  of  straight  pipe  as  deter 
mined  by  observing  the  loss  of  head  over  the  80.09  ^^^^  ^^ 
straight  pipe  section  is  plotted  in  Fig.  3  as  ordinates  with 
velocity  as  abscissa.  From  these  results  it  was  found  that 
the  loss  of  head  per  100  feet  of  straight  pipe  could  be  ex- 
pressed by  the  exponential  equation 

hi  =z  0.5965  Fi-925 
where  hi  represents  head  lost  in  feet  of  water  and  V  repre- 
sents velocity  of  flow  in  feet  per  second. 

Effect  on  Curvature 

The  losses  of  head  observed  across  the  bend  experi- 
mental section  included  the  loss  of  head  due  to  the  friction  in 
20  feet  of  the  two  tangents  of  straight  pipe,  the  loss  of  head 
due  to  friction  in  the  bend  and  the  loss  of  head  due  to  the 
change  in  direction  of  flow.  From  the  observed  loss  of 
head  an  amount  was  subtracted  equal  to  the  loss  of  head 
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which  would  occur  for  the  same  velocity  in  a  length  of 
straight  pipe  equal  to  the  center  line  length  of  the  bend  sec- 
tbn.  The  remaining  quantity  was  the  value  of  the  excess 
loss  of  head  due  to  curvature. 

In  Fig.  4  the  curvature  losses  for  velocities  of  3,  5,  and 
10  feet  per  second  are  plotted  as  ordinates  with  the  radius 
of  curvature  expressed  in  terms  of  pipe  diameters  as  ab- 
scissae. 

Fig.  4  indicates  that  the  curvature  loss  is  a  minimum 
when  the  radius  of  curvature  is  5  to  7  diameters,  then 
reaches  a  maximum  when  the  radius  of  curvature  is  about 
20  diameters,  beyond  which  point  the  loss  decreases  with  in- 
crease of  radius  of  curvature. 
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Effect  of  Vai^ves 

From  the  observed  loss  of  head  in  the  valve  section,  a 
quantity  was  subtracted  equal  to  the  loss  of  head  in  the  20 
feet  of  the  two  lengths  of  pipe  for  the  same  velocity.  The 
remaining  quantity  represented  the  loss  of  head  due  to  the 
valve  in  the  pipe  line. 

In  Fig.  5  the  losses  in  the  gate  and  globe  valves  for 
velocities  of  5  and  10  feet  per  second,  obtained  in  the  above 
manner,  are  plotted  as  ordinates  with  the  valve  opening  ex- 
pressed in  per  cent,  of  the  maximum  opening  as  abscissae. 

From  Fig.  5  we  see  that  closing  a  gate  valve  does  not 
greatly  increase  the  resistance  until  it  is  40  per  cent,  closed 
for  a  velocity  of  10  feet  per  second  or  60  per  cent,  closed 
for  a  velocity  of  5  feet  per  second.  The  loss  caused  by  a 
globe  valve  is  much  greater  than  that  caused  by  a  gate  valve 
for  wide  open  valves,  but  does  not  increase  greatly  until  the 
valve  is  more  nearly  closed. 

In  Table  A  are  tabulated  the  lengths  of  straight  pipe 
which  would  give  the  same  loss  of  head  as  obtained  in  the 
above  manner  for  the  gate  and  globe  valves  wide  open  and 
for  the  check  valve  with  the  check  in  place  and  with  the 
check  removed. 

The  loss  of  head  in  a  gate  valve  wide  open  as  compared 
to  the  loss  of  head  in  straight  pipe  decreases  with  an  increase 
of  velocity,  while  for  the  globe  valve  wide  open  and  the 
check  valve,  the  ratio  increases  with  an  increase  of  velocity. 

From  the  last  column  in  Table  A,  we  find,  for  an  aver- 
age, that  a  gate  valve  is  equivalent  to  about  8  diameters  of 
straight  pipe  and  that  the  globe  valve  wide  open  and  the 
check  valve  are  each  equivalent  to  about  25  diameters  of 
straight  pipe. 

Effect  of  Standard  Elbows  and  Tees 

If  from  the  observed  losses  across  the  bend  section  the 
loss  of  head  due  to  the  20  feet  of  the  two  tangents  of  straight 
pipe  be  subtracted  the  remaining  quantity  will  be  the  value 
of  the  total  loss  of  head  due  to  the  bend. 

By  inserting  90°  elbows  and  tees  instead  of  the  bends 
the  total  loss  of  head  caused  by  the  elbows  and  tees  was  de- 
termined in  the  above  manner.  These  total  losses  were 
plotted  in  Fig.  3  as  ordinates  with  the  velocities  as  abscissae. 
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TABLE  A-EQUIVALENT  LENQTH  OP  STRAIGHT  PIPE  POR  LOSS  OP  H£AD  IN 
VALVES  AND  STANDARD  PITTINGS. 


Velodty,  feet  per  Beeond 

12 

10 

7 

5 

8 

8tr.  Pip«  Loss  per  foot,  feet 

0.714 

0.602 

0.252 

0.182 

0.069 

Avrg. 

Valve  I088.  feet : 

6tto  Tilre,                 Eqoiv.  length  of)       feet 
wide  open                    Str.  Pipe,  In.    JPlpeDlam. 

0.80 
0.604 
5.9 

0.28 

0.567 

6.6 

0.18 

0.716 

8.8 

0.18 
0.966 
11.6 

0.04 

0.810 

9.4 

0.714 
8.8 

Valve  loss,  feet * 

Globe  Valve,                Equiv.  length  of  J       feet 
wide  open                     Str.  Pipe,  In.    (Pipe  Dlam. 

15.60 
2.19 
25.5 

10.80 
2.16 
26.1 

5.82 
2.11 
24.6 

2.76 
2.09 
24.4 

0.96 
1.96 
22.8 

2.10 
24.6 

Valve  loss,  feet 

Cbeek  Valve                Equlv.  length  of/       feet 

Str.  Pipe,  in.    jPipedlam. 

16.80 
2.28 
26.2 

11.80 
2.25 
26.9 

5.68 
2.21 
25.4 

2.88 
2.18 
26.1 

1.02 
2.06 
24.1 

2.20 
25.8 

Valve  loss,  feet 

Cheek  Valve,                Equlv.  length  of?       feet 
cheek  removed             Str.  Pipe.  in.    {Pipe  Dlam. 

14.20 

1.90 

22.9 

9.91 
1.97 
22.7 

4.91 
1.96 
22.5 

2.64 

1.92 

22.1 

0.89 

1.82 

21.0 

1.98 
22.2 

Elbow  I088.  feet 

8t'd  "Short  Turn"       Equlv.  length  of?       feet 
»'  Elbow                    Str.  Pipe,  In.    JPipeDlam. 

2.75 
8.85 
44.8 

1.80 
8.60 
41.8 

0.795 
8.16 
86.8 

0.870 
2.80 
82.6 

0.115 
2.85 
27.4 

8.15 
86.7 

Elbow  loss,  feet 

Std  "Long  Turn"       Equlv.  length  of?       tect 
W  Elbow                    Str.  Pipe,  In.    JPlpeDlam. 

1.79 
2.61 
29.2 

1.19 
2.87 
27.6 

0.586 
2.18 
24.8 

0.268 
1.92 
22.4 

0.061 
1.65 
19.2 

2.11 
24.6 

St'd  C.  I.  Tee,            Tee  lose,  feet 

»»ter  leaving  at       Equlv.  length  of?       feet   • 
«M                           Str.  Pipe,  In.    JPlpeDlam. 

8.06 
4.29 
60.0 

2.01 
4.00 
46.6 

0.894 
8.55 
41.8 

0.421 
8.19 
87.2 

0.184 
2.74 
81.9 

8.56 
41.4 

Bt'd  C.  I.  Tee,            Tee  loss,  feet 

water  entering  at      Equlv.  length  of?       feet 
«W«                            Str.  Pipe,  in.    JPipeDlam. 

8.80 
5.82 
62.0 

2.62 
5.02 
58.5 

1.12 
4.44 
51.7 

0.580 
4.02 
46.8 

0.169 
8.45 
40.2 

4.46 

51.8 

8Vd  C.  I.  "Long         Tee  loss,  feet 

8.07 
4.80 
50.1 

2.06 
4.06 
47.6 

0.934 
8.71 
43.8 

0.451 
3.42 
89.9 

0.148 
8.02 
85.2 

8w«ep  Special  Tee."  Equlv.  length  of?       feet 
waterleavlngatside     Str.  Pipe,  in.    JPlpeDlam. 

3.71 
43.2 

St'd  C.  I.  "Long         Tee  loss,  feet 

sweep  Special  Tee,"  Equlv.  length  of?       feet 
water enter'g  at  side     Str.  Pipe,  in.    JPipeDlam. 

2.82 
3.95 
46.0 

1.82 
8.68 
42.8 

0.795 
'3.16 
36.8 

0.35G 
2.72 
31.7 

0.108 
2.20 
25.4 

8.13 
36.4 

The  loss  of  head  for  velocities  of  12,  10,  7,  5  and  3  feet 
per  second  was  taken  from  Fig.  3  and  tabulated  in  Table  A. 
By  dividing  these  losses  by  the  loss  of  head  per  foot  of 
straight  pipe  as  determined  by  the  80.09  ^ ^^t  of  straight  pipe 
^periments  for  the  same  velocities,  the  equivalent  length  of 
straight  pipe  in  feet  was  found.  Dividing  the  value  of  feet 
?f  straight  pipe  by  the  average  pipe  diameter  (1.0306 
inches),  the  equivalent  length  of  straight  pipe  in  terms  of 
pipe  diameters  was  obtained,  thus  making  the  results  com- 
parable with  results  which  may  be  obtained  from  pipe  fit- 
tings of  different  diameters. 

From  Table  A  and  Fig.  3,  it  is  seen  that  the  loss  of  head 
through  the  elbows  and  tees  increases  with  a  greater  power 
of  the  velocity  than  does  the  loss  of  head  through  the 
straight  pipe.    Also  from  Table  A,  it  becomes  quite  evident 
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that  the  '*long  turn"  elbow  should  be  used  in  preference  to 
the  "short  turn"  elbow  where  the  loss  of  head  is  an  impor- 
tant consideration  in  the  design  of  a  pipe  line. 

Considering  the  tees,  Table  A  and  Fig.  3  show  that  with 
the  ordinary  standard  tee  the  loss  of  head  is  less  if  the  water 
leaves  at  the  side  than  if  the  water  enters  at  the  side,  being 
equal  in  the  former  case  to  that  due  to  30  to  50  diameters 
and  in  the  latter  case  to  that  due  to  40  to  62  diameters  of 
straight  pipe.  With  the  "long  sweep  special''  tee  the  opposite 
condition  is  found.  In  the  case  of  the  water  leaving  at  the 
side  the  loss  of  head  is  equal  to  that  due  to  35  to  50  diam- 
eters of  straight  pipe,  while  in  the  second  case  the  loss  is 
equal  to  that  due  to  25  to  46  diameters  of  straight  pipe. 


Locomotive  Testingr*  Laboratory,  Purdue  University. 
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MODEBNIZINa  A  BOILER  PLANT 

By  W.  A.  Hanley,  'ii* 

STiiopdt:  This  mrtlde  tolls  tn  detaU  how  a  snudl  toolatod  boUer  plftnt 
of  approximately  700  boUer  horsepower  was  enlarsed  and  modernised  so 
M  to  brinf  about  a  decrease  In  coal  consompUon  of  2t%  and  jield  an 
interest  of  S8.S%  on  the  InTcetment  necessary  to  produce  the  economies. 

In  undertaking  the  improvement  of  a  boiler  plant,  the 
local  conditions  as  to  nature  of  service  required,  available 
equipment  at  hand,  space  for  new  equipment,  coal  supply, 
etc.,  are  all  factors  which  must  enter  into  the  final  conclu- 
sion. That  additional  capacity  was  necessary,  and  that  a 
saying  in  both  labor  and  fuel  could  be  made  at  the  Indianap- 
olis plant  of  Eli  Lilly  &  Company,  had  been  apparent  for 
some  time,  and  in  the  fall  of  19 12?  the  matter  was  taken  un- 
der investigation. 

The  problem  at  hand  was  to  supply  250,000  pounds  to 
350,000  pounds  of  saturated  steam  per  day,  with  a  maximum 
demand  of  30,000  pounds  per  hour,  not  falling  below  15,000 
I^unds  per  hour  except  at  night,  at  a  pressure  of  120  pounds 
S^^uge,  from  200  degrees  Fahrenheit  feed  water.  This  steam 
^as  to  be  used  for  all  general  purposes  throughout  the 
plant,  about  40  per  cent,  being  taken  in  the  central  power 
"ouse  for  generating  electricity,  compressing  air,  pumping 
^^ter,  etc.,  and  60  per  cent,  in  heating,  evaporating,  drying 
and  other  processes  throughout  the  laboratories. 

The  equipment  at  hand  consisted  of  two  type  E-200 
H-  P.  Stirling  boilers  in  one  battery,  and  a  single  unit  of 
300  H.  P.  of  the  same  make  and  type.    These  boilers  were 
connected  into  a  brick  lined  steel  stack  6  feet  in  diameter  and 
^^3  feet  high,  and  were  each  equipped  with  an  American 
Underfeed  Stoker.     Forced  draft  from  an  engine-driven 
J^n  was  also  piped  under  each  furnace.     An  open  type 
"^ter,  hot  water  softener,  and  two  boiler  feed  pumps  were 
?11  found  in  good  condition  and  of  ample  capacity.    Nut  coal 
from  eastern  Kentucky,  having  the  same  general  character- 
istics as  Pocahontas,  and  having  a  fuel  value  of  13,500  to 
j4>0oo  B.  t.  u.  per  pound,  at  a  cost  of  $2.70  per  ton  delivered 
^^  front  of  boilers,  was  being  used.    The  boilers  were  clean, 
settings  tight,  appliances  in  very  good  condition,  and  no 
local  wastage  of  steam  or  coal  was  evident.    Coal  was  hauled 
*rect  from  cars  or  from  storage  yard  in  wagons,  and  was 
unloaded  by  hand  into  bins  in  boiler  room,  from  where  it 
was  shoveled  into  hoppers  of  stokers.    Ashes  were  dragged 
oiit  from  under  boilers  onto  boiler  room  floor,  and  wheeled 


*  Mech.  Engineer,  The  Ell  Lllley  Co.,  IndlanapoUe,   Ind. 
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in  barrows  to  alley  adjacent  to  boiler  room,  where  they  were 
dumped.  From  this  point  they  were  reloaded  into  wagons 
and  hauled  to  trash  dumps. 

The  installation  of  a  daily  log,  showing  pounds  of  coal 
delivered  to  boiler  room,  number  of  boilers  under  fire,  load 
variation,  etc.,  was  accomplished.  At  the  same  time  a  com- 
bined indicating  and  recording  venturi  meter  was  installed 
on  the  boiler  feed  line,  and  figures  ascertained  as  to  repairs 
and  labor.  Tests  under  operating  conditions,  over  8-hour 
and  lo-hour  periods,  following  the  A.  S.  M.  E.  code,  using 
a  throttling  calorimeter,  and  weighing  the  water  and  coal 
were  then  run  on  each  of  the  three  boilers,  and  on  the  boilers 
in  pairs  as  they  were  operated.  At  the  same  time  the  venturi 
meter  was  checked  and  found  to  be  correct  to  within  4  per 
cent,  under  extreme  conditions  of  variation. 

The  tests  and  records  showed  the  following  to  be  true : 

1st.  That  the  boilers  could  not  be  operated  above  95 
per  cent,  of  rated  capacity. 

2nd.  That  the  fuel  cost  averaged  15.68  cents  per  1,000 
pounds  of  water  evaporated  under  operating  conditions. 

'  3rd.  That  owing  to  limited  capacity  the  300  H.  P. 
boiler  must  be  in  constant  use,  except  on  Sundays,  and  an 
accident  to  same  would  mean  closing  part  of  the  plant. 

4th.  That  owing  to  the  absence  of  railroad  switching 
facilities  and  a  prohibitive  cost  to  install  same,  the  cost  of 
handling  coal  could  not  be  decreased. 

5th.  That  the  cost  of  handling  ashes  could  be  materi- 
ally reduced,  and  a  large  part  of  the  energy  used  to  drive 
stokers  and  draft  fan  could  be  saved. 

6th.  That  cost  for  repairs  had  not  been  excessive  and 
could  not  be  lowered  an  appreciable  amount. 

With  the  above  facts  well  established  it  was  therefore 
determined  to  install  such  equipment  as  would  give  addi- 
tional boiler  capacity,  lower  evaporation  cost  for  fuel,  lower 
ash  handling  costs,  and  reduce  the  energy  consumed  in 
stoker  and  fan  drives. 

An  addition  was  made  to  the  boiler  room  of  sufficient 
size  to  accommodate  a  battery  of  type  L-16  312  H.  P.  Stir- 
ling boilers,  and  one-half  the  battery,  that  is,  one  boiler  of 
312  H.  P.,  was  installed.  As  Indiana  screenings  offered  the 
greatest  number  of  available  heat  units  for  the  least  amount 
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of  money,  and  as  satisfactory  guarantees  both  as  to  efficiency 
and  capacity  could  be  obtained  from  reliable  stoker  com- 
panies, it  was  decided  to  use  such  fuel. 

A  contract  was  made  with  the  Green  Engineering  Com- 
pany, of  Chicago,  Illinois,  to  remove  the  old  stokers  and  in- 
stall chain  grate  stokers  and  high  pressure  water  backs  on 
each  boiler,  remodel  and  re-line  the  furnaces,  rebuild  the 
fronts  of  boilers,  construct  an  a^  tunnel  under  boilers,  and 
install  a  bucket  ash  conveyor  and  ash  bin  at  the  end  of 
boiler  room.  Their  contract  also  covered  the  installation  of 
a  drive  for  stokers  and  the  brick  work  and  breeching  con- 
nection on  the  new  type  Lri6  Stirling  boiler.  Practically  the 
entire  work  and  all  details  were  covered  in  this  contract 
except  steam  and  water  piping  and  electrical  wiring.  All 
the  work  had  to  be  done  without  interfering  with  the  opera- 
tion of  the  plant,  and  the  work  under  boilers  as  to  tunnel, 
et.,  was  accomplished  'while  the  boilers  were  under  fire. 

The  concrete  tunnel  under  boiler  room  was  made  8  feet 
wide  and  8  feet  high.  The  ash  pits  were  made  exceptionally 
large.  A  dumping  ash  cart  on  a  narrow  gauge  track  passed 
in  front  of  the  ash  door  under  each  boiler.  The  track  termi- 
nated in  a  boot  at  the  end  of  boiler  room,  where  the  ashes 
were  dumped  and  hoisted  to  the  ash  bin  outside  the  building. 
This  bin  was  of  sufficient  capacity  to  carry  three  days*  sup- 
ply of  ashes  and  was  elevated  so  that  wagons  could  drive 
under  same  and  load  by  opening  a  gate  in  bottom  of  bin. 
The  ash  tunnel  ceiling  carried  the  shafting  for  driving  the 
stokers.  The  stokers  were  clriven  by  two  units  both  located 
on  boiler  room  floor,  one  being  a  7^4  H.  P.  50  per  cent, 
variable  speed  motor  and  the  other  a  5"  x  6"  vertical  steam 
engine.  As  a  matter  of  safety  it  was  considered  necessary 
to  install  two  units,  and  as  electricity  was  not  available  on 
certain  nights  and  Sundays  it  was  necessary  to  install  the 
engine,  the  motor  being  used  under  all  other  conditions. 

The  furnaces  were  reconstructed  and  made  of  the 
Dutch  oven  type  with  deep  ignition  arches,  and  the  high 
pressure  water  backs  were  made  of  extra  heavy  5-inch  pipe 
and  equipped  with  GECO  fittings.  Ample  provision  was 
made  under  the  furnaces  for  the  recovery  on  boiler  room 
floor  of  droppings  from  grates.  The  ash  conveyor  was 
driven  by  a  5-inch  by  6-inch  vertical  steam  engine,  being  the 
same  size  and  type  as  the  auxiliary  stoker  drive.  As  ashes 
were  to  be  handled  at  night,  electricity  would  not  be  avail- 
able for  driving  a  motor  at  that  time.  The  breeching  to  the 
new  boiler  was  made  as  large  and  with  as  wide  sweep  bends 
as  possible. 
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The  guarantees  as  set  forth  in  the  contract  with  the 
Green  Engineering  Company  are  quoted  below  as  follows : 

"The  contractor  will  give  guarantee  the  following  re- 
sults, when  furnished  with  coal  of  at  least  10,000  B.  t.  u. 
and  a  draft  of  not  less  than  3-10  inch  of  water  in  the  furnace 
over  the  fire : 

( 1 )  To  maintain  an  efficiency  of  approximately  68  per 
cent,  under  operating  conditions,  the  stokers  being  fired 
under  contractor's  instructions. 

(2)  To  obtain  an  overload  capacity  of  30  per  cent. 

(3)  To  eliminate  smoke  so  as  to  conform  to  the  In- 
dianapolis smoke  ordinance. 

(4)  That  the  cost  of  metal  repair  parts  for  stokers 
will  not  exceed  $20.00  per  stoker  per  year  for  a  period  of  3 
years,  and  that  the  metal  repair  parts  purchased  will  not 
cost  to  exceed  $50.00  per  ton." 

In  order  to  obtain  the  required  draft  it  was  found  neces- 
sary to  increase  the  height  of  the  stack  by  50  feet,  making  it 
163  feet  high.  This  was  done  by  another  contractor  with 
the  stack  in  constant  use,  after  some  preliminary  work  had 
been  done  as  follows :  On  the  first  Sunday  the  ornamental 
top  and  water  table  were  removed,  on  the  second  Sunday  a 
six-foot  steel  section  was  added  with  an  opening  in  the  side 
of  same  to  allow  smoke  to  escape,  and  on  the  third  Sunday 
another  six-foot  section  was  added  with  a  steel  plate  in  bot- 
tom of  same  thus  closing  completely  the  top  of  the  stack. 
Thereafter  the  work  was  carried  on  with  the  stack  in  use, 
and  when  the  full  50  feet  had  been  added,  the  sheet  closing 
the  top,  above  referred  to,  was  removed  and  the  side  opening 
covered. 

To  complete  the  entire  installation  of  new  stokers,  etc., 
required  a  period  of  about  six  months.  At  the  end  of  such 
time  an  acceptance  test,  under  ordinary  operating  conditions, 
was  run  on  each  boiler.  With  Indiana  screenings  of  about 
11,000  B.  t.  u.  per  pound  an  overall  efficiency  of  70  per  cent, 
was  obtained,  and  a  capacity  of  75  per  cent,  overload  de- 
veloped on  each  boiler. 

In  order  to  determine  what  coal  could  be  used  most 
economically,  a  series  of  ten  steaming  tests,  under  operating 
conditions,  covering  periods  of  6  hours  to  10  hours  were 
made,  using  various  grades  of  Indiana  and  Illinois  screen- 
ings.   A  careful  comparison  showed  that  coal  furnished  by 
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the  Garstang  Fuel  Company,  of  Indianapolis,  Indiana,  and 
mined  by  the  S.  W.  Little  Coal  Company,  of  Evansville,  In- 
diana, by  analysis  and  by  test  should  be  used.  Some  better 
and  some  poorer  grades  of  coal  were  tested,  but  at  relatively 
higher  prices.  The  general  characteristics  of  this  coal  from 
a  large  number  of  analyses  made  in  our  own  laboratories  at 
different  seasons  of  the  year  shows  it  to  be  as  follows : 

154  inches  Nut  and  Slack  coal  from  No.  5  vein.  Pike 
County,  Indiana. 

V.  C.  M 25.86  per  cent. 

Fixed  Carbon 48.98  per  cent. 

Moisture    1 1.58  per  cent. 

Ash '. 1358  per  cent. 

Calculated  value  B.  t.  u.  per  lb.  1 1,270 

Statistics  for  the  first  year  after  this  installation  was 

^niplete  showed  that  91,775,000  pounds  of  water  had  been 

^^Porated,  at  a  fuel  cost  of  12.21  cents  per  thousand  pounds, 

which  represented  3.47  cents  saving  per  thousand  pounds  or 

3  total  of  $3,183.90  on  fuel  alone.    In  addition  to  the  above 

i^^  savings  in  labor  for  hauling  and  handling  ashes  were 

*P^40,  and  the  saving  in  steam  for  fan  and  stoker  drives  $200, 

'"^ing  a  total  return  from  the  investment  of  $3,523.90  for 

^  year.    Repairs  have  been  very  little,  but  no  actual  saving 

can  be  counted  on  this  item  as  the  same  may  increase  with 

\^\  ^e  of  the   installation.     The  total  expenditures   for 

JJjlditig,  boilers,  stokers,  stack,  and  equipment  represented 

?oout  $25,000.    Of  this,  $14,500  was  spent  to  increase  capac- 

\V  ^^     $io»SOO  to  produce  economies.     The  gross  return, 

l^erefore,  of  $3,523.90  per  annum  on  the  $10,500  expendi- 

^'■^  represented  33.5  per  cent. 

The  boilers  have  been  operated  at  from  50  per  cent,  to 
75  per^  cent,  above  capacity  at  all  times,  as  this  has  been 
|ound  to  be  most  economical.  No  delays  or  failures  in  serv- 
J^^  have  been  experienced,  and  the  smoke  ordinance  has 
^^n  fully  complied  with. 
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CONDENSATION  METEBS 

By  W.  T.  Miller,  'i6 

SynopifU:  Three  methods  of  metering  tteMii  heat  to  consnmem  of  ceii« 
tr»l  staUon  heat  are  explained.  The  condensatloii  meter  to  rapidly  re^ao- 
inir  other  methods  and  to  slvins  very  sattofaotory  eervlee.  These  meters  are 
of  two  types:  the  weight  aad  the  volimietrie.  The  operatloA,  eare,  faults, 
and  advantaces  of  each  are  discussed  In  thto  article. 

The  most  important  phase  of  central  station  steam  heat- 
ing work  is  selling  heat.  There  are  in  common  practice  to- 
day two  methods  of  disposing  of  the  product;  the  flat  rate, 
based  on  square  feet  of  radiation,  and,  a  schedule  rate  based 
on  the  actual  amount  of  steam  condensed  in  the  particular 
system. 

In  the  younger  days  of  central  station  steam  heating,  it 
was  realized  that  the  logical  way  to  sell  service  was  to  base 
the  rates  upon  actual  consumption,  but  the  methods  of 
measuring  the  quantities  of  steam  supplied  to  various  cus- 
tomers were  v6ry  crude  and  led  to  unwarrantable  errors. 
The  difficulty  experienced  in  determining  a  fair  approxima- 
tion at  the  steam  supplied,  led  to  the  adoption  of  a  flat  rate 
which  was  originally  based  on  the  cubical  contents  of  the 
building  to  be  heated.  This  method  made  no  allowance  for 
the  exposed  walls,  window  or  glass  surface  and  proved  un- 
satisfactory because  of  this  fact.  The  original  flat  rate 
evolved  into  a  rate  based  on  the  number  of  square  feet  of 
Radiation  installed.  The  rate  per  square  foot  was  based  on 
an  assumption  as  to  the  quantity  of  steam  condensed  per 
square  foot  per  season.  As  exposed  wall  and  glass  areas 
were  considered  when  the  number  of  square  feet  of  radia- 
tion was  computed,  this  method  of  determining  the  rate  was 
fairer  to  the  consumer  and  producer  than  the  earlier  one. 
However,  there  is  a  personal  element  which  entered  into  the 
problem  in  that  some  consumers  through  carelessness  may 
cause  the  rate  of  condensation  per  square  foot  of  radia- 
tion to  rise  a  considerable  amount  above  that  upon  which  the 
rates  were  based.  Again,  a  careful  customer  might  cause 
the  rate  of  condensation  to  become  considerably  lower  than 
that  for  which  he  was  paying.  While  the  average  may  be 
near  the  rate  assumed,  the  careful  customer  was  paying  for 
the  negligence  of  the  other.  In  order  to  eliminate  this  fault, 
the  greater  number  of  companies  are  at  the  present  time 
adopting  a  schedule  based  on  the  actual  amount  of  steam 
supplied  to  each  individual  consumer.  This  scheme  has  been 
made  possible  by  the  perfection  and  simplification  of  devices 
for  measuring  the  flow  of  steam  and  condensation. 
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Dump  Bucket  Type  Meter. 


jj^     ^here  are  several  meters  on  the  market  designed  to 

thei  ^^^^  ^^^  ^^^  ^^  steam.    These  meters  are,  by  merit  of 

deo/     .^d^^^^tal  principles,  divided  into  two  classes ;  those 

on  '^^  upon  a  constant  velocity  of  steam,  and  those  based 

p^  .  ^^nstant  supply  area.    Meters  of  both  types  have  been 

jj-    f^^ed  but  are  necessarily  of  a  rather  delicate  construc- 

j.'.  ^his  means  that  they  are  somewhat  costly  and  that  they 

cj^t  ^^^  considerable  attention.    These  facts  limit  their  gen- 

/^^  .^Se  to  power  plants  and  large  consumers  of  steam,, since 

|j^-  ^*^^tial  cost  and  cost  of  maintenance  prohibits  them  from 

S  Supplied  to  numerous  small  consumers. 

P^oKi    ^^  condensation  meter  solves,  to  a  great  extent,  the 

Q  J   ^*^rn  of  providing  a  cheap  and  sufficiently  accurate  means 

^J^^asuring  the  steam  supplied  to  small  consumers.    Since 

j^     Perfection  of  this  type  of  meter,  the  central  station  steam 

^^^^Hg  industry  has  made  its  greatest  strides.     Condensa- 

^,1  ^  ttieters  are  primarily  gravity  meters  and  cannot  dis- 

•    ^^ge  against  pressure.    Three  principles  of  operation  are 

^'T)orated  in  the  condensation  meters  commonly  used  by 

^ntral  station  l\eating  companies ;  those  that  are  based  upon 

^lumetric  measurement,  those  that  record  the  weight  of 

"l^^d  passing  through  it,  and  those  that  are  based  on  the 

^^^P  principle.     Of  these  types  the  volumetric  and  weight 

^^ters  are  the  most  common  due  to  their  simplicity.    Per- 

^^ps  the  most  common  of  the  weight  meters  is  the  Simplex, 

^Me  the  most  popular  of  the  volumetric  meters  is  the 

Detroit. 

The  Simplex  meter  is  of  the  dump  bucket  type,  and  has 
two  buckets  balanced  on  a  shaft  which  rocks  as  they  alter- 
nately fill  and  dump.  The  condensation  enters  into  a  receiv- 
ing chamber  where  the  stream  is  divided  by  means  of  a 
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baffle  plate  in  order  that  the  velocity  may  be  diminished. 
From  the  receiving  chamber  the  condensation  passes  through 
a  nozzle  and  flows  in  a  thin  stream  into  the  main  chamber  of 
the  meter  where  the  partition  between  the  buckets  deflects  it 
into  the  bucket  that  is  being  filled.  As  the  bucket  fills,  the 
increase  in  weight  causes  it  to  overbalance  the  empty  bucket 
and  it  falls  into  a  position  that  permits  the  condensation  to 
flow  into  the  bottom  of  the  main  chamber  from  which  it  is 
drained  through  an  outlet  at  either  end.  A  plunger  is  at- 
tached to  the  bottom  of  each  bucket  which  fits  into  a  corre- 
sponding dash  pot  fixed  to  the  bottom  of  the  meter.  These 
das'h  pots  are  filled  with  water  at  all  times  and  the  cushion 
action  tends  to  make  the  action  of  the  meter  noiseless.  A 
set  screw  is  provided  by  means  of  which  the  travel  of  the 
buckets  may  be  regulated,  thereby  controlling  the  capacity  of 
the  buckets.  A  revolution  counter  records  the  oscillations 
and  reads  in  pounds  of  condensed  steam.  The  shaft  is  sup- 
ported at  each  end  by  means  of  bronze  cones  and  cups  in 
which  bronze  balls  are  used.  The  bearings  are  supported  in 
removable  caps  attached  to  the  meter  case.  These  meters 
are  calibrated  to  operate  at  a  temperature  of  about  i8o  de- 
grees F.  The  error  involved  at  rated  capacities  is  very  small 
but  the  impact  eflFect  of  the  condensation  entering  the  buck- 
ets causes  a  noticeable  error  when  the  meter  is  operated  at 
overloads  and  at  exceptionally  light  loads. 

The  Detroit  meter  is  of  the  revolving  drum  type,  and  its 
mechanism  consists  of  a  cylindrical  copper  drum  which  is 
divided  into  six  scroll  shaped  compartments.  A  brass  spout 
which  is  attached  to  the  meter  case  but  not  to  the  drum  ad- 
mits the  condensation.  In  the  bottom  of  the  spout  and  ex- 
tending its  entire  length  is  the  inlet  opening  through  which 
the  condensation  is  admitted  in  a  thin  stream  to  each  com- 
partment of  the  drum  as  it  rotates.  Due  to  the  shape  of  the 
compartments  and  to  the  fact  that  any  one  compartment 
cannot  fill  and  discharge  at  the  same  time,  any  change  in  the 
volume  or  velocity  of  the  incoming  condensation  cannot 
aflfect  the  discharge  and  consequently  cannot  aflFect  the 
accuracy  of  the  meter.  The  compartments  are  exactly  the 
same  size,  and  as  each  receives  and  discharges  the  same 
volume  of  water  at  each  revolution,  the  same  quantity  of 
condensation  passes  through  the  drum  at  each  revolution. 
When  the  inflow  of  water  stops,  the  motion  of  the  drum 
ceases  and  the  water  in  the  compartments  remains  there 
until  the  flow  is  resumed.  The  drum  is  made  of  sheet  cop- 
per and  is  very  rigid  in  construction.  The  bearings  which 
support  the  drum  consist  of  hard  bronze  flanges  which  are 
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soldered  to  the  drum.  These  flanges  are  supported  by 
bronze  rollers  held  in  cast  bronze  brackets  mounted  inside 
the  cast  iron  casing.  The  registering  device  consists  of  a 
clockwork  revolution  counter  which  reads  in  pounds  of  con- 
densation per  revolution.  The  clockwork  is  protected  by  a 
glass  dial  and  is  enclosed  in  a  housing  that  is  cast  integral 
with  the  casing.  The  meter  is  calibrated  for  a  temperature 
of  about  140  degrees  F.  and  is  accurate  with  1%  at  all  loads. 
This  meter  is  adapted  to  vacuum  service  when  used  in  con- 
nection with  a  vacuum  trap. 

The  faults  to  be  found  in  the  operation  of  condensation 
meters  are  usually  due  to  lack  of  care  in  their  installation 
^nd  maintenance.  As  condensation  meters  are  more  apt  to 
read  under  than  over,  it  is  to  the  interest  of  the  operating 
companies  to  maintain  a  rigid  system  of  maintenance  and 
inspection.  All  meters  should  be  overhauled,  cleaned  and 
^^brated  at  least  once  each  year. 

Perhaps  one  of  the  most  serious  handicaps  on  hot  water 
central  station  heating  is  the  fact  that  no  suitable  means  of 
f^etering  the  heat  has  been  perfected.    Devices  for  register- 
ing the  comparatively  small  diflPerences  in  temperature  and 
Pressure  would  be  necessarily  very  delicate  and  hence  too 
^^^^y  to  warrant  an  elaborate  installation.    Could  a  simple 
nd  hardy  device  be  perfected  to  register  these  diflferences, 
tie  results  might  be  more  satisfactory  than  those  now  ob- 
^^ned  through  the  use  of  condensation  meters  in  the  steam 
^ysterris,  as  the  chief  objection  to  their  use  is  that  the  con- 
densation may  be  diverted  or  lost  before  it  reaches  the  meter. 


Digitized  by 


Google 


ii6 


Purdue  Engineering  Review 


Digitized  by 


Google 


No.  12  PUBDUE  UNIVERSITY  May,  1916 


THE  STAPP 


W.  K.  Abbbnbtht,  '16,  Editor-in-Chief 
E.  PUQH,  '16,  I.  A.  Fendrick,  '16, 

Business  Manager  Advertising  Manager 

E.  N.  Weber,  '16,  Circulation  Manager 
Assistants 

^'  F.  RfiASOB,  '17,  R.  A.  Haywoeth,  '17, 

Assistant  Editor-in-Chief  Assistant  Business  Manager 

^'  ^.  Randall,  '17,  N.  E.  Hull,  '17, 

Assistant  Advertising  Manager       Assistant  Circulation  Manager 
Peof.  L.  V.  LxjDY,  Permanent  Treasurer 


Advisory  Committee 


^  DEAN  C.  H.  BENJAMIN,  Chairman 
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"^^oj*.  G.  A.  Young,  School  of  Mechanical  Engineering 

Prof.  C.  F.  Harding,  School  of  Electrical  Engineering 

Prof.  H.  C.  Peffer,  School  of  Chemical  Engineering 


. -^he  splendid  support  that  the  Alumni  of  Purdue  Uni- 
I' .   ^^y  are  giving  to  the  Review  is  reflected  very  well  by  the 
Ijj  ^^   contributors  to  the  publication  this  year.    Never  since 
p    ^^ll  has  been  made  for  papers  has  the  response  been  more 
JL^F>t  and  the  material  so  plentiful,  and  it  is  with  distinct 
w^^^  that  we  are  unable  to  publish  all  the  good  articles  that 
jj.^  ^    C)ffered  us  this  year.    When  so  many  busy  men,  who 
Qf  Y^^^nstantly  being  pushed  by  the  cares  and  responsibilities 
jjj^  ^^iness,  as  many  Purdue  men  are,  oflFer  to  take  the  time 
•    *.i^^  to  the  trouble  of  working  up  a  paper  for  publication 
.|^^^^  Review,  we  feel  decidedly  encouraged  and  feel  that 
n      -A^lumni  body  in  general  appreciates  the  work  that  the 
^^^w  is  doing  and  the  place  that  it  is  trying  to  fill. 
.         The  Engineering  Review  is  the  journal  of  the  Engineer- 
H      Societies  of  Purdue  University.    It  is  published  by  their 
9^^d  for  the  purpose  of  advertising  Purdue  and  the  kind 
"^ork  that  Purdue  men  are  doing  as  engineers  in  diflFerent 
?^tts  of  the  world.    The  publication  reaches  the  members  of 
vt\^  Engineering  Societies  of  the  Central  and  Middle  West- 
^fn  States,  the  engineering  students  of  several  of  the  leading 
technical  universities,  in  addition  to  several  hundred  busi- 
ness firms  in  all  parts  of  the  country. 
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S^parlment  NnteH 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

PERSONNEL 

Little  change  has  been  made  in  the  staff  of  the  School 
of  Electrical  Engineering  during  the  past  year,  as  the  organ- 
ization for  the  year  191 4- 15  was  considered  to  be  a  particu- 
larly strong  one.  One  assistant,  Mr.  G.  C.  Blalock,  was 
added  to  the  corps  making  a  total  of  thirteen.  Mr.  Blalock 
is  a  graduate  of  the  University  of  Michigan  in  Electrical 
Engineering  and  since  graduation  has  obtained  some  valu- 
able experience  on  the  Electrical  Engineering  staff  of  the 
Municipal  Board  of  the  city  of  Los  Angeles,  California. 
Professor  A.  N.  Topping,  who  for  a  number  of  years  has 
been  in  charge  of  the  Junior  work  and  specialized  work  in 
illuminating  engineering,  has  been  made  full  professor  of 
Electrical  Engineering.  Professor  Alfred  Still  is  now  pro- 
fessor of  Electrical  Design.  Mr.  D.  L.  Curtner  has  been 
advanced  from  the  grade  of  assistant  to  that  of  instructor 
during  the  past  year. 

Professor  C.  Francis  Harding,  head  of  the  school,  has 
continued  to  act  during  the  year  as  chairman  of  the  sub- 
committee on  Technical  Education  of  the  National  Electric 
Light  Association  and  represented  the  Indiana  Engineering 
Society  at  the  recent  conference  of  representatives  of  State 
Engineering  Societies,  looking  toward  closer  co-operation 
between  such  organizations. 

CHANGE  OF  COURSE 

Some  marked  improvements  have  been  made  in  the 
course  hi  Electrical  Engineering  during  this  year,  involving 
the  completion  of  the  work  in  mathematics  at  the  middle  of 
the  Junior  year,  thereby  permitting  more  work  in  applied 
Electrical  Engineering  to  be  administered  to  Juniors.  The 
Senior  course  in  Corporate  Organizations  which  offers 
training  in  the  organization,  management  and  financial  rela- 
tions of  corporations  will  be  required  work  for  the  second 
semester  during  the  coming  year  while  the  elective  courses 
will  be  confined  to  the  first  semester  of  the  Senior  year. 


Digitized  by 


Google 


Department  Notes  119 

RESEARCH 

A  large  amount  of  research  work  has  been  carried  on 
during  the  past  year  in  the  School  of  Electrical  Engineering, 
particularly  with  regard  to  the  testing  of  very  high  voltage 
insulators  and  interference  between  high  voltage  lines  and 
parallel  telephone  lines.  The  latter  problem,  which  is  be- 
coming of  much  practical  importance  with  the  increase  in 
the  number  and  voltage  of  transmission  lines,  is  being 
studied  with  respect  to  both  the  experimental  line  at  the 
University  and  some  long  transmission  lines  in  practical 
operation.  The  results  of  this  work  together  with  that  in 
the  electric  railway  field  are  being  published  in  the  proceed- 
ings of  the  various  engineering  societies  and  in  the  technical 
press. 


SCHOOL  OF  CIVIL  ENGINEERING 

PERSONNEL 

The  resignation  of  R.  L.  Sackett,  who  is  now  Dean  of 
the  Engineering  Schools  at  Penn.  State  College,  was  re- 
gretted by  the  faculty  of  the  School  of  Civil  Engineering. 
Professor  Sackett's  work  is  being  cared  for  by  Professor 
Wiley  and  Mr.  Greve,  assisted  by  Mr.  C.  C.  Brown,  a  prac- 
ticing engineer  and  also  Editor  of  Municipal  Engineering  at 
Indianapolis.  Mr.  Brown  was  formerly  Professor  of  Civil 
Engineering  at  Union  College,  Schenectady,  N.  Y.,  and  con- 
sulting engineer  for  the  New  York  State  Board  of  Health. 

Mr.  R.  C.  Pierce,  graduate  of  the  University  of  Illinois, 
and  formerly  with  the  Reclamation  Service,  was  appointed 
Instructor  in  Civil  Engineering. 

LABORATORY    FOR   TESTING    MATERIALS 

Professor  Scofield  has  installed  a  special  testing  appara- 
tus for  determining  the  most  eflPicient  design  of  reinforcing 
material  for  concrete  roads.  A  slab  is  uniformly  loaded 
with  a  testing  pad  under  air  pressure,  and  the  consequent 
deformation  and  deflection  throughout  the  entire  slab  are 
measured. 

Professor  Martin  has  determined  the  flexural  strength 
of  road  sections  made  up  of  a  concrete  base  with  a  brick  top 
as  compared  to  a  solid  concrete  road. 

Professor  Albert  Smith  has  continued  his  painstaking 
investigations  of  the  distribution  of  stresses  throughout  riv- 
eted steel  joints  to  determine  the  slipping  point  of  the  rivets 
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and  the  proportionate  share  of  the  load  carried  by  the  vari- 
ous rivets.  In  this  work  the  deformation  throughout  the 
entire  joint  is  indicated  by  the  rotation  of  small  mirrors. 

Professor  Scofield  in  co-operation  with  Professor  Wal- 
lace of  the  School  of  Mechanical  Engineering,  has  be<*n  in- 
vestigating the  strength  of  side  frames  for  railway  cars.  A. 
survey  of  the  deformation  is  made  throughout  the  entire 
side  frame  with  a  view  to  economic  design. 

The  laboratory  has  rendered  service  to  the  Indiana 
Sand  and  Gravel  Producers'  Association  by  determining  the 
most  efficient  division  plane  between  the  fine  and  coarse 
aggregates,  screened  from  gravels  for  use  in  concrete.  The 
present  practice  calls  for  this  division  between  sand  and 
gravel  on  a  sieve  with  J^-inch  openings.  It  has  been  deter- 
mined that  a  screen  with  J^-inch  openings  will  yield  as 
strong  a  concrete  in  many  cases  and  will  make  use,  without 
waste,  of  nearly  the  entire  output  of  the  gravel  beds  as  found 
in  many  places  in  Indiana.  In  conjunction  with  Professor 
Peffer  of  the  School  of  Chemical  Engineering,  a  series  of 
tests  is  under  way  to  discover  the  most  efficient  materials 
with  which  to  protect  concrete  against  disintegrating  agen- 
'Cies. 

HYDRAULIC  LABORATORY 

The  determination  of  the  loss  of  head  due  to  the  flow 
of  water  through  one-inch  straight  pipe,  elbows,  bends, 
valves  and  special  fittings  has  been  completed.  The  investi- 
gation is  being  continued  during  the  present  year  on  i  j4-inch 
pipe  by  Mr.  Greve  and  Mr.  Stanley. 

TOPOGRAPHICAL   ENGINEERING 

For  the  first  time,  the  School  of  Civil  Engineering  has 
taught  the  elements  of  the  use  of  the  transit  and  level  in 
marking  out  straight  and  level  lines  to  Juniors  in  the  School 
of  Mechanical  Engineering.  These  exercises  are  a  portion 
of  the  course  in  Junior  Laboratory.  The  student  reports 
for  five  afternoons  during  the  semester.  It  is  not  expected 
that  these  men  will  obtain  competency  in  the  use  of  the  in- 
struments in  field  work  of  civil  engineering.  They  will  be 
able  to  lay  out  factory  buildings,  foundations  and  line  up 
shafting. 

The  Engineering  Camp  for  the  summer  of  191 5  was 
held  at  Pentwater,  Michigan,  from  May  29  to  July  3.  Pent- 
water  is  a  town  of  about  1,200  inhabitants  on  the  east  shore 
of  Lake  Michigan,  about  270  miles  north  of  Lafayette.    The 
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camp  was  attended  by  sixty-five  students,  five  instructors, 
one  janitor  and  three  cooks.  The  cost  for  board  and  lodging 
approximated  $5.00  per  week.  The  entire  cost  to  each  stu- 
dent was  less  than  $40.00.  Last  year's  success  has  led  to 
arrangements  for  the  191 5  camp  at  Pentwater  for  a  period 
of  six  weeks.  The  school  is  considering  plans  for  a  perma- 
nent surveying  camp  on  land  owned  by  the  University  on 
which  a  permanent  building  can  be  erected. 

HIGHWAY  ENGINEERING 

Professor  Martin  has  held  one  district  road  school,  and 
four  county  road  schools  in  the  State,  each  one  attended  by 
over  fifty  persons,  together  with  about  fifteen  community 
meetings.  Continued  service  has  been  given  to  road  officials 
in  advice  upon  road  problems.  Several  field  experiments  in 
road  building  are  under  way  in  co-operation  with  the  U.  S. 
Office  of  Public  Roads.  Professor  Martin  has  published  one 
bulletin  on  road  maintenance,  and  two  leaflets  on  gravel 
roads  and  the  use  of  the  road  drag.  The  official  state  road 
school  was  unusually  successful  this  year,  being  attended  by 
over  sixty  state  officials.  The  School  of  Civil  Engineering 
is  serving  the  State  of  Indiana  in  a  thorough  way  in  High- 
way Engineering. 


SCHOOL  OF  CHEMICAL  ENGINEERING 

This  school  has  enjoyed  a  year  of  very  satisfactory 
growth,  characterized  by  such  a  heavy  demand  for  the  serv- 
ices of  graduates  that  only  a  portion  of  the  available  open- 
ings could  be  filled. 

The  new  plan  of  administration  of  mathematics  for  the 
engineering  schools,  whereby  the  latter  subject  is  completed 
in  the  first  semester  of  the  Junior  year,  has  permitted  of  the 
further  improvement  of  the  curriculum  of  this  school  by  the 
introduction  of  a  course  in  Physical  Chemistry  in  the  Senior 
year. 

During  the  year  additional  work  has  been  done  along 
the  line  of  investigating  the  action  of  organic  acids  and  salts 
on  concrete,  as  well  as  on  methods  for  the  measurement  of 
film  thickness  of  lubricating  oils.  Other  work  in  progress 
at  the  present  time  consists  in  an  investigation  of  the  eflfect 
of  various  substances  on  the  setting  time  and  other  proper- 
ties of  finely  ground  cement  clinker,  also  a  survey  of  the 
combustion  conditions  in  a  boiler  furnace. 
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SCHOOL  OF  MECHANICAL  ENGINEERING 

A  brief  account  of  the  year's  work  in  the  Department 
of  Mechanical  Engineering  for  the  past  year  may  be  sum- 
marized under  four  heads : 

PHYSICAL  GROWTH 

During  the  year  the  department  has  had  the  temporary 
use  of  $1400  worth  of  apparatus.  New  equipment  to  the 
value  of  $2360  has  been  added  to  laboratory  apparatus, 
while  friends  of  the  University  have  made  unsolicited  dona- 
tions of  $2900  worth  of  valuable  equipment  either  for  test, 
exhibition  or  routine  laboratory  work. 

RESEARCH 

Fifteen  lines  of  research  were  completed  far  enough  to 
be  worthy  of  publishing,  while  twenty  problems,  are  still 
under  investigation.  The  value  of  the  research  work  is  in- 
creasing each  year  due  to  more  thought  and  planning  on  the 
part  of  the  instructors  of  the  department.  Fifteen  articles 
were  published  in  engineering  journals  and  proceedings  of 
engineering  societies  last  year,  dealing  with  modern  prob- 
lems. Twelve  notes  and  text  books  were  also  published  for 
instructional  purposes  in  this  and  other  institutions  of  learn- 
ing by  members  of  this  department. 

CHANGES   IN    INSTRUCTIONAL  STAFF 

Three  hiembers  of  the  department  resigned  to  take  up 
more  responsible  positions.  Mr.  J,  L.  Snyder,  instructor  in 
the  Mechanical  Laboratory,  and  Mr.  H.  L.  Watson,  In- 
structor in  Machine  Design,  are  now  connected  with  com- 
mercial organizations,  and  Mr.  R.  L.  Rhoades  was  called  to 
Lehigh  University  as  Instructor  in  the  Mechanical  Labora- 
tory. The  vacancies  caused  by  these  withdrawals  have  been 
filled,  respectively  by  Mr.  F.  A.  Hill,  Iowa  State  College, 
1913;  Mr.  F.  C.  Goldsmith,  Purdue,  1910;  and  Mr.  W.  H. 
Severns,  University  of  Kansas,  1914.  The  personnel  of  the 
instructional  staflF  of  this  department  -  numbers  nine  pro- 
fessors, six  instructors  and  two  assistants. 

INTERESTING  WORK  NOW  IN  PROGRESS 

At  the  present  time  some  very  interesting  work  is  in 
progress.  The  new  Diehl  electric  dynamometer  in  the  gas 
laboratory  makes  possible  some  interesting  work  on  inter- 
nal combustion  motors.    The  new  six-cylinder  Haynes  motor 
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is  now  being  tested  in  comparison  with  a  Haynes  12,  now 
under  construction  at  Kokomo.  The  completion  of  the  belt 
testing  machine  makes  the  best  apparatus  of  this  kind  ever 
constructed  ready  for  use.  An  investigation  is  now  under 
way  in  which  five  of  the  large  pulley  manufacturing  com- 
panies are  concerned.  Work  is  still  progressing  on  the  flat 
spot  machine,  studying  the  amount  of  impact  to  the  rail  due 
to  a  flat  spot  or  an  eccentric  car  wheel.  Another  interesting 
study  is  being  made  for  the  New  York  Central  Railroad  to 
l^arn  what  effect  the  use  of  impure  water  has  on  the  steam- 
^^  properties  of  a  locomotive  boiler.  A  new  freight  loco- 
motive was  brought  here  and  tested  at  Purdue  University 
and  is  returning  to  the  University  every  thirty  days  to  be 
retested.  This  locomotive  uses  the  same  kind  of  water  the 
other  twenty-nine  days  during  which  it  is  on  its  regular  run. 
This  will  be  continued  until  the  boiler  is  so  badly  scaled  as 
"ot  to  be  able  to  carry  its  allotted  load. 

Many  other  lines  of  work  are  in  progress  but  the  ones 
"mentioned  are  creating  the   most   interest   in   engineering 


.       The  business  policy  of  the  Review  in  years  past  has 

een  tp  get  out  a  publication  that  would  exactly  break  even 

n^ncially.     In  several  recent  issues  unlooked  for  expend- 

I^J'es  arose,  which  meant  that  a  debt  had  to  be  carried  over 

rom  year  to  year  to  be  met  by  the  succeeding  staff.    This 

^.    ^ebt  was  swept  away  by  a  special  assessment  on  the  En- 

S^^eering  Societies,  so  that  the  Board  began  the  year  unin- 

c^nibered  by  any  financial  burden.     It  has  been  the  very 

^^niest  endeavor  of  the  Board  to  get  out  a  publication  this 

year  that  would  be  a  success  from  a  business  standpoint,  that 

]J^ould  set  a  mark  and  a  precedent  for  succeeding  Boards  to 

»ollow. 
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of  the  following  members  of  the  Engineering  Schools :  C.  L. 
Kline,  Marvin  Hummel,  J.  H.  Emrick,  Geo.  Heidenreich, 
H.  M.  Benedict,  O.  W.  Shepard,  R.  H.  Bush,  and  to  Mr. 
D.  M.  Evans  of  the  School  of  Agriculture  for  valuable 
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BUCKEYE-BEREA 


MACHINE 
DRESSED 


SANDSTONE 
CURBING 

NATURE  has  endowed  the  famous  Berea  Sandstone  with 
the  qualities  of  a  Perfect  Curbing. 

It  will  not  disintegrate. 

It  will  not  crack  nor  crumble. 

It  is  not  affected  by  Climatic  Conditions  or  Soil  Acids. 

It  is  Pleasing  in  Appearance. 

It  will  outlast  several  Pavements. 

It  can  be  taken  up  and  reset,  if  necessary. 

The  combination  of  these  qualities  place  '*  BUCKEYE- 
BEREA"  SANDSTONE  CURBING  beyond  comparison 
with  Uncertain  ** MAN-MIXED"  Imitation  Stone  Curbing. 

Nowhere  has  the  policy  of  buying  the  BEST  proven  more 
satisfactory  and  economical  than  in  the  purchasing  of 
** BUCKEYE-BEREA"  SANDSTONE  CURBING. 

It  is  the  most  economical  because  it  is  the  most  durable. 

*'It's  Good  when  you  get  it  and  stays  Good." 
Write  for  the  descriptive  *^Buckeye-Berea"  Booklet. 

The  Ohio  Quarries  Co. 

CLEVELAND,  OHIO 
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A  COLLEGIATE  institution  founded  upon  an  act  of 
Congress  of  July  2,  1862,  named  in  honor  of  its 
benefactor,  John  Purdue,  a  citizen  of  LaFayettej 
aided  by  numerous  private  and  public  gifts;  maintained  by 
appropriations  from  the  State  of  Indiana  and  the  United 
States;  ofFers  instruction  in  undergraduate  and  graduate 
courses  in  Science,  Agriculture,  Engineering  and  Pharmacy. 

The  institution  possesses  superior  resources  for  con- 
ducting its  courses  of  instruction,  viz  :  , 

An  Instructional  Corps  of  over  Two  Hundred  persons. 

An  Estate  of  over  One  Thousand  Acres, 

Twenhj-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics,  Botany, 
Zoology,  Bacteriology,  Electricih;,  Steam  Engineering, 
Locomotive  Engineering,  Civil  Engineering,  Hydraulics, 
Materials  Testing,  Practical  Mechanics,  Pharmacy,  Soil 
Physics,  Dairying,  Horticulture, Veterinary  Science,  Animal 
Industry  and  Experimental  Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  materials 
in  all  departments  of  unusual  extent  and  unique  character. 
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MR  H.  W.  ASIRE  B.  S.  E.  E.,  '14,  ("Flywheel  Type  Mag- 
neto") until  the  year  1916  was  Ass't  Electrical  Engineer  with  the 
Knoblock-Heideman  Mfg.  Co.  From  1916  to  the  present  time  he 
has  been  Electrical  Engineer  for  the  Quick  Action  Ignition  Co. 
Mr.  Asire  is  an  associate  member  of  the  A.  A,  E  and  A.  I.  E  E 

MR.  E.  A.  BECKr  B.  S.  C.  E,  '13,  ("Street  Improvement 
Planning  in  Edgeworth,  Pa.")  is  Borough  Manager  of  Edgeworth, 
Pa.  That  he  has  been  successful  in  this  new  field  is  shown  by 
his  recent  contribution  to  the  technical  press. 

MR.  R.  J.  BUCK,.  B.  S.  C  E  '07,  C  E  '10,  ("ConstrucHon 
Work  in  the  Philippine  Islands")  from  1907-09  was  Transitman 
and  later  Chief  of  Party  of  the  Bureau  of  Lands  (Gov.  of  P.  I.)  ; 
1909-10  Ass't  Instructor  in  the  C.  E  Department  of  Purdue  Uni- 
versity; 1910-12  Chief  of  Party,  Bureau  of  Lands;  1912-14  Ass't 
Engineer,  Bureau  of  Public  Works;  1914-16  member  of  firm  of 
the  J.  W.  Ford  Co.;  and  from  1916  to  the  present  time.  Superin- 
tendent of  Construction  of  the  Marion  Co.  Tuberculosis  Sani- 
tarium.   He  is  also  an  associate  member  of  the  A.  S.  C.  E. 

MR.  ARTHUR  C.  EMBSHOFF^  B.  S.  Ch.  E  '16,  ("Milling 
and  Flotation")  during  1913-14  served  as  chief  of  party  on  var- 
ious survey  and  construction  jobs  in  Arizona,  1914-15  was  Junior 
Engineer  on  Gila  River  flood  prevention  surveys,  and  until  lately 
he  has  been  employed  by  the  Butte  and  Suprior  Co.  of  Butte, 
Mont.  Mr.  Embshoff  is  now  night  superintendent  of  the  mine 
and  development  work  of  the  Lead  &  Zinc  Co.,  Metaline  Falls, 
Wash.     He  is  a  member  of  the  A.  A.  E 

MR.  F.  C.  HUFFMAN,  B.  S.  C.  E  '05.  ("Construction  of 
Grain  Elevators")  was  an  Ass't  Engineer  with  the  Penn.  R.  R., 
resident  engineer  with  the  C  C  C  &  St  L.  Ry.,  1906-08,  Ass't 
Engineer  with  the  C.  &  N.  W.  R.  R.,  1908-09,  Ass't  State  En- 
gineer of  South  Dakota,  and  1909  to  date,  resident  engineer  with 
the  C.  &  N.  W.  Ry. 

MR  J.  CLIFFORD  LEWIS,  B.  S.  M.  E  '09,  M.  E  '16, 
("Making  a  Profit  from  Exhaust  Steam")  from  1909-11  was  Erect- 
ing Engineer  for  the  American  Blower  Co.,  Detroit;  1911-12,  in 
charge  of  the  St  Louis  branch  of  Hanley-Casey  Co.,  heating  con- 
tractors; 1912-16,  Chief  Engineer  for  Weinshank  &  Fenstermakcr, 
Indianapolis;  1916  to  date.  Consulting  Engineer.  He  is  a  mem- 
ber of  A.  S.  H.  &  V.  E  and  A.  S.  M.  E. 

MR.  H.  M.  LUKENS,  B.  S.  C  E  '12,  ("Flood  Protection 
and  Prevention  in  Los  Angeles  County")  was  building  inspector  of 
the  I.  C.  R.  R.  from  1912-13,  1913-16  was  engaged  in  private 
practice  at  Gary,  Ind.,  1916-Jan.  1917,  was  an  engineer  on  the  Los 
Angeles  flood  control  project,  and  at  present  is  an  engineer  of 
the  Wurster  Construction  Co. 

MR.  E.  S.  PEARCE,  B.  S.  M.  E  '13,  (''Increasing  the  Utility 
of  Existing  Locomotives")  was  Mechanical  Draftsman  with  the 
J.  T.  Reyerson  &  Sons,  Motive  Power  Inspector  of  the  N.  Y.  C 
R.  R.,  and  since  1914,  has  been  with  the  C,  C.  C.  &  St  L.  Ry., 
being  at  present  special  engineer  in  the  Transportation  Department 
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MR.  E.  G.  RALSTONr  B.  S.  K  E.  '13,  {"Rates  for  Electric 
Lighting  and  Power*'),  after  graduation  entered  the  Construction 
and  Testing  Department  of  the  Indianapolis  Light  and  Heat  G)., 
and  since  1915  has  been  an  Electrical  Engineer  with  that  firm. 
Mr.  Ralston,  son  of  Gov.  Ralston,  of  Indiana,  is  a  member 
of  the  Indiana  Engineering  Society  and  the  Indiana  Electric  Light 
Association,  and  has  recently  presented  several  papers  before  en- 
gineering societies. 

MR.  FRANK  SCOTT,  B.  S.  E  E  '16,  ^Damage  to  Operat- 
ing Companies  Caused  by  Lightning")  after  graduation  entered 
the  employment  of  the  Duncan  Electric  Mfg.  Co.,  of  LaFayette, 
Ind.,  as  Chief  Tester  in  the  Transformer  and  Meter  Department, 
being  later  advanced  to  Superintendent  of  the  Transformer 
Factory,  which  position  he  now  holds. 

MR  R  S.  SHADE,  B.  S.  M.  E  '12.  ("Meters  for  Measuring 
Gas  and  Air  Volumes")  From  1910-12  was  Industrial  Service 
Secretary  at  the  University  of  Pennsylvania  Y.  M.  C.  A.;  1912-17, 
Superintendent  of  Construction  and  Distribution  of  the  Kansas 
Natural  Gas  Co.  In  1915  the  partnership  of  Clark  &  Shade,  Con- 
sulting Engineers  was  formed. 

MR  J.  B.  SHEADEL,  B.  S.  E  E.  '11,  ("High  Voltage  Line 
Insulators")  f  from  1911-12  was  employed  by  the  Bullock  Electric 
Co.,  Cincinnati,  O.,  was  an  assistant  instructor  in  the  School  of 
Electrical  Enginering,  Pennsylvania  University,  and  from  1913  to 
date  he  has  been  an  assistant  instructor  in  the  School  of  Elec- 
trical Engineering,  Purdue  University. 

MR  E.  A.  SMITH,  B.  S.  C  E  '12,  ("The  Construction  of 
Lock  and  Dam  No.  43,  Ohio  River"),  has  been  with  the  U.  S. 
War  Department  since  graduation,  as  surveyor  1912-16  and  as 
Junior  Engineer  since  1916.  He  has  designed  several  locks  and 
operating  machinery,  and  has  served  as  superintendent  of  con- 
struction. 

PROF.  G.  A.  YOUNG,  B.  S.  M.  E.  '99,  M.  E  '04,  M.  M.  E 
'10,  ("A  Brief  Review  of  Twenty-five  Boiler  Tests"),  in  1899  be- 
came assistant  in  the  Laboratory  of  Purdue,  in  1910  was  made 
Professor  of  Mechanical  Engineering  at  Purdue,  and  from  1913 
to  date  has  been  head  of  the  School  of  Mechanical  Engineering 
at  this  institution.  During  1911-12,  he  had  supervision  over  an 
acceptance  test  of  14000  K.  W.  turbine  and  boilers  for  the  Com- 
monwealth Edison  Co.,  Chicago.  Prof.  Young  has  contributed 
many  papers  to  the  technical  press  and  is  a  member  of  A.  S.  M.  E, 
Indiana  Engineering  Society,  Academy  of  Science,  and  various 
other  organizations. 

MR  C.  H.  VIOL,  B.  S.  Ch.  E  '07,  Ph.  D.  '12,  ("The  Produc- 
tion and  Uses  of  Radium"),  from  1907-09  was  Chemistry  in- 
structor at  South  Dakota  State  College,  1909-12  Research  Ass't.  in 
Chemistry  at  University  of  Chicago,  was  Research  Chemist  with 
the  Standard  Chemical  Co.  of  Pittsburg,  becoming  Director  of 
the  Radium  Research  Laboratory  in  1913.  Mr.  Viol  is  a  mem- 
ber of  the  Am.  Ch.  Society,  Am.  Electro-Ch.  Society,  Am.  Radium 
Society,  and  several  other  organizations.  He  is  also  editor  of 
"Radium." 

MR  H.  A.  WOODWORTH,  B.  S.  M.  E.  '09,  M.  E.  '13, 
("Central  Station  Steam  Heating"),  from  1909-16  was  employed 
in  the  construction  and  operation  departments  of  the  Central 
Station  Heating  plants  at  Crawfordsville  and  Evansville,  Ind. 
From  1916,  he  has  been  a  salesman  for  the  American  District 
Steam  Co.  Mr.  Woodworth  is  a  Senior  member  of  the  N.  D.  H.  A. 
and  has  contributed  frequently  to  the  technical  press. 
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This  illustration  is  reproduced  from  a  photograph  of  a  dish 
of  radium  bromide.  (The  photograph  of  the  radium  salt  was 
made  shortly  after  the  salt  had  been  crystallized  and  dried.  Un- 
der these  conditions  the  beta  and  gamma  ray  activity  of  the  ra- 
dium was  at  a  minimum  and  therefore  the  photographic  plate 
could  be  brought  near  the  preparation  without  risk  of  fogging). 
The  small  silica  capsule  which  is  shown  in  its  natural  size,  con- 
tains 1764  mgm.  of  anhydrous  radium  barium  bromide  having  a 
radium  element  content  of  740  mgm.  (International  gamma  ray 
Standard).  Since  pure  anhydrous  bromide  contains  58.6  per 
cent,  of  radium  element,  the  740  milligrams  of  radium  correspond 
to  1263  milligrams  of  pure  anhydrous  radium  bromide,  and  the 
salt  shown  is  71.6  per  cent,  pure  radium  bromide.  The  radium 
shown  in  the  dish  represents  months  of  work  on  upwards  of 
three  hundred  tons  of  Colorado  carnotite  ore.  In  the  process 
of  extracting  this  radium  over  five  hundred  tons  of  chemicals 
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THE  PRODUCTION  AND  USES  OF  RADIUM. 

Charles  H.  Viol,  B.  S.,  Ph.  D. 

Director  Radium  Research  Laboratory,  Standard  Chemical  Company, 
Pittsburgh,  Pa. 

Despite  unfavorable  market  conditions  brought  about 
by  the  war  abroad,  and  by  opposition  on  the  part  of  the 
Bureau  of  Mines,  the  production  of  radium  in  the  United 
States  is  an  infant  industry  that  has  outlived  its  early 
hardships.  To-day  the  United  States  not  only  has  the 
largest  supply  of  radium  ore,  but  also  ranks  as  the  world's 
largest  radium  producer. 

The  remarkable  property  of  radium  is  its  radio-ac- 
tivity, a  property  depending  upon  the  breaking  down  of 
the  atoms  of  radium  with  the  emission  of  energy  in  the 
form  of  the  so-called  radio-active  rays,  and  the  produc- 
tion of  new  elementary  substances.  As  a  result  of  an 
almost  incredible  amount  of  research,  the  work  of  many 
scientists,  it  has  been  demonstrated  that  uranium  is  the 
parent  element  of  a  series  of  radio-active  substances 
which  are  produced  successively  by  a  process  of  trans- 
mutation, the  uranium-radium  series  consisting  of  the 
following  numbers:  Uranium  I,  Uranium  Xj,  Uran- 
ium Xj,  Uranium  II,  Ionium,  Radium,  Radium  Emana- 
tion, Radium  A,  RaB,  Ra  C,  Ra  Q,  Ra  Cj,  Ra  D,  Ra  E, 
Ra  F  (polonium),  and  a  final  non-radio-active  substance 
Ra  G,  chemically  identical  with  ordinary  lead.  All  of 
these  products  are  found  in  any  geologically  old  ore  con- 
taining uranium,  the  proportionate  amount  of  each  pro- 
duct depending  upon  the  rate  at  which  the  radio  element 
is  undergoing  the  process  of  transmutation  or  decay.  The 
rates  of  decay  of  the  radio  elements  are  definite  for  each 

were  used,  exclusive  of  water.  When  one  considers  the  enorm- 
ous difficulties  and  expense  in  extracting  this  small  quantity  of 
radium  salt  from  such  huge  amounts  of  material,  it  is  possible 
to  realize  why  radium  salts  are  so  costly.  At  the  rate  of  $100 
per  milligram  of  radium  element,  which  is  equivalent  to  a  rate 
of  $53.60  per  milligram  of  pure  crystalline  radium  bromide, 
(Ra  Br^  2H^0f  the  pure  "radium"  of  commerce  in  the  past), 
the  radium  shown  in  the  dish  has  a  value  of  $74,000. 
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element,  and  so  far,  it  has  not  been  found  possible  to 
alter  the  rates  by  subjecting  the  substances  to  any  con- 
ditions. Unlike  ordinary  chemical  changes,  the  changes 
in  the  radio-active  bodies  are  unaffected  by  change  of 
temperature,  pressure  or  concentration.  For  each  three 
million  parts  of  uranium  in  an  old  unaltered  ore,  there  is 
one  part  of  radium.  Consequently  for  each  per  cent,  of 
uranium  oxide  (UjOg)  in  a  ton  of  uranium  ore,  there  are 
2.5  milligrams  of  radium  element. 

Radium  of  the  radio  elements  of  the  uranium-radium 
series,  has  come  to  be  of  more  commercial  importance 
than  the  other  members  of  the  series,  owing  to  the  fact 
that  it  is  undergoing  the  transmutation  process  rather 
slowly,  requiring  1700  years  for  the  decay  of  half  of  any 
quantity,  while  the  subsequent  products,  Radium  Emana- 
tion, Ra  A,  Ra  B  and  the  complex  Ra  C,  are  all  under- 
going a  very  rapid  process  of  transmutation,  resulting 
in  the  rapid  emission  of  a  succession  of  rays  from  each  of 
these  products  for  each  atom  of  radium  that  transforms.  ' 
Thus,  a  radium  preparation  has  the  long  life  of  radium, 
and  the  high  degree  of  radio-activity  contributed  by  the 
rapid  transmutation  of  the  successive  decay  products  of 
radium.  No  other  radio-element  combines  these  two  ad- 
vantages in  the  same  degree,  the  nearest  competitor, 
mesothorium,  having  a  far  shorter  life  than  radium,  the 
time  required  for  the  transmutation  of  half  of  any  amount 
of  this  element  being  only  5.5  years. 

Pitchblende,  the  ore  from  which  radium  was  first 
produced,  occurs  in  small  quantities  in  several  localities 
in  the  United  States,  notably  in  Gilpin  County,  Colorado, 
but  so  far  this  ore  has  not  been  the  source  of  any  radium 
produced  in  this  country.  Carnotite,  a  potassium  uranyl 
vanadate,  is  the  ore  which  occurs  most  extensively  in  the 
United  States,  the  most  notable  deposits  being  those  of 
southwestern  Colorado  and  southeastern  Utah.  High 
grade  carnotite,  which  is  comparatively  rare,  is'  a  soft 
talc-like  sulfur  yellow  mineral,  corresponding  essentially 
to  the  composition  of  a  potassium  uranyl  vanadate.  The 
commercial  carnotite  ore  is  a  low  grade  mineral  usually 
found  in  sand  stone  formations  where  the  carnotite  ma- 
terial acts  as  a  cement  for  the  grains  of  sand.  This  low 
grade  ore  contains  traces  up  to  several  per  cent,  of  uran- 
ium oxide,  the  workable  ore  containing  from  about  0.5 
per  cent,  upwards.  Owing  to  the  greater  amounts  of  lower 
grade  ore,  the  average  working  ore  contains  about  one 
per  cent,  of  uranium  oxide,  and  consequently  each  ton  of 
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this  ore  contains  2.5  milligrams  of  radium  element.  The 
great  problem  of  radium  production  is  the  economical 
treatment  of  these  lower  grade  ores,  which  must  be  con- 
served because  of  their  extensive  occurrence.  The  re- 
gion in  which  carnotite  is  mined  is  remote  from  railroads, 
and  so  the  ore  must  be  hauled  long  distances  by  burros 
and  wagons.  Burros  bring  the  ore  from  the  hills  to  the 
wagon  roads  and  the  average  wagon  haul  is  about  forty 
miles.  The  ore  as  found  usually  consists  of  a  thin  layer 
of  sand  stone,  which  crops  out  on  the  side  of  a  canyon 
wall  and  is  recognized  by  the  caracteristic  sulphur-yellow 
color.  The  narrowness  of  the  seams  makes  is  necessary 
to  take  out  a  large  amount  of  worthless  stone  to  secure 
the  carnotite  ore.  The  seams  are  usually  in  the  form  of 
pockets  so  that  the  value  of  a  claim  is  dubious  until  it 
has  been  thoroughly  explored  and  worked. 

The  physical  nature  of  low  grade  carnotite  ore  is  such 
as  to  make  possible  a  mechanical  concentration  of  the 
values.  This  is  carried  out  on  ore  containing  2%  or  less 
of  uranium  oxide.  The  methods  in  use  are  both  wet  and 
dry  and  consist  essentially  in  a  process  of  grinding  to  loosen 
the  carnotite  material  from  the  sand  grains  and  then 
separating  the  values  from  the  tails  by  a  process  of  dry 
or  wet  elutriation. 

The  fine  powdered  concentrates  are  next  subjected  to 
chemical  treatment  to  remove  the  uranium  and  vanadium, 
and  then  the  residue  which  still  contains  the  radium  is  sub- 
jected to  further  chemical  treatment  to  remove  this  con- 
stituent together  with  the  barium  salts  present  in  the  ore. 

Chemically,  radium  is  so  nearly  like  barium  as  to  make 
it  impossible  to  separate  the  radium  from  the  barium 
present  in  the  ore  by  a  single  operation.  Since  a  ton  of 
average  ore  contains  only  a  few  milligrams  of  radium,  while 
the  ore  usually  contains  in  the  order  of  a  half  per  cent,  of 
barium  sulphate  or  other  barium  salts,  it  is  obviously 
simpler  to  regard  the  chemical  treatment  of  the  ore  as  a 
process  of  removing  all  the  barium  from  the  ore.  This 
is  carried  out  in  a  number  of  diflferent  ways ;  some  wet,  as 
in  the  Bureau  of  Mines  nitric  acid  treatment,  which  is  only 
applicable  to  coarsely  ground  high  grade  ore,  or  boiling  the 
concentrates  with  soda,  with  subsequent  acid  leaching;  or 
dry  methods  such  as  fusion  with  alkali  or  soda,  with  sub- 
sequent solution  of  the  insoluble  radium-barium-calcium 
residue  in  acid. 

The  next  step  in  the  preparation  of  radium  salts  con- 
sists in  subjecting  the  radium-barium  salt  to  a  process  which 
will  separate  the  radium   from  the  barium.     No  strictly 
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chemical  process  for  eflfecting  this  separation  is  suitable 
and  practically  a  process  of  fractional  crystallization  of 
the  chloride,  bromide  or  hydroxide  is  used.  It  has  been 
found,  for  example,  that  radium-barium  chloride,  when 
allowed  to  crystallize  from  an  aqueous  solution,  gives  crys- 
tals containing  a  greater  proportion  of  radium  to  barium 
than  was  contained  in  the  original  salt,  or  the  salt  left  in 
solution  in  the  mother  liquor.  Application  of  this  fact  in 
a  process  of  fractional  crystalization  makes  it  possible  to 
concentrate  the  radiiun  in  the  "heads"  and  the  bariiun 
in  the  "tails",  resulting  finally  after  hundreds  of  operations 
in  the  production  of  a  few  hundred  milligrams  of  com- 
paratively pure  radium  salt  from  the  treatment  of  hun- 
dreds of  kilos  of  the  crude  radium-barium  salt  as  obtained 
from  the  ore. 

The  greatest  use  for  radium  at  present  is  in  the  treat- 
ment of  various  growths,  malignant  and  benign.  Certain 
types  of  cancer  respond  readily  to  the  action  of  the  beta 
and  gamma  rays  of  radium  (the  more  penetrating  rays) 
and  this  same  action  also  enables  the  medical  man  to  give 
great  relief  in  certain  types  of  hopeless  cancer,  where 
medical  science  has  heretofore  been  helpless.  For  these 
medical  purposes  the  radium  salt  is  used,  not  as  a  medicine 
but  rather  as  a  physical  agent  for  the  production  of  its 
characteristic  rays.  The  radium,  usually  in  the  form  of 
radium-baritun  sulphate,  containing  from  60%  to  90% 
of  pure  radium  sulphate  is  either  sealed  hermetically  in  tiny 
thin  walled  glass  tubes  or  is  spread  in  an  enamel  or  varnish 
over  the  surface  of  a  metallic  plaque.  In  this  way  the 
radium  salt  is  comparatively  safe  from  loss  and  may  be 
utilized  continually  with  practically  no  depreciation,  since 
the  activity  falls  by  only  i  per  cent,  in  about  twenty-five 
years. 

It  is  of  interest  to  note  that  the  alpha  rays  from 
radium  are  helium  atoms,  shot  out  with  tremendous  velocity 
from  the  disintegrating  atom,  and  this  helium  gas,  owing 
to  the  low  penetrating  power  of  the  alpha  rays,  accumulates 
in  such  sealed  tubes  of  radium  salt.  One  gram  of  radium 
element  produces  in  a  year  163  cubic  millimeters  of  helium 
gas  (normal  temperature  and  pressure),  the  presence  of 
which  can  readily  be  confirmed  by  suitable  spectroscopic 
tests. 

When  radium  rays  play  upon  certain  crystalline  sub- 
stances, such  as  phosphorescent  zinc  sulphide,  the  diamond, 
willemite,  bariiun-platino-cyanide,  kunzite,  etc.,  there  is 
produced  a  degree  of  luminosity  depending  upon  the  qual- 
ity of  the  material  used.  It  has  been  found,  for  example, 
that  each  alpha  ray   (heliiun  atom)   upon  striking  a  dia- 
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mond  or  zinc  sulphide  (Sidot's  hexagonal  blende)  or  wille- 
mite  causes  a  single  scintillation.  This  eflfect  is  utilized 
in  the  preparation  of  so-called  "permanent"  luminous  com- 
pounds or  paints.  A-  suitable  quality  of  phosphorescent 
zinc  sulphide  is  admixed  with  a  small  quantity  of  radium 
(0.025  to  0.20  milligrams  of  radium  element  per  gram  of 
compound)  and  there  is  produced  a  powder  which  glows 
in  the  dark  and  continues  to  glow,  without  requiring  ex- 
posure to  light  or  other  source  of  energy.  This  zinc  com- 
pound, which  has  been  found  to  give  the  greatest  Ituni- 
nescence  for  a  given  amount  of  radium,  unfortunately  un- 
dergoes a  slow  deterioration  which  is  more  rapid  the 
greater  the  proportion  of  radium  used.  Hence  these 
luminous  compounds  will  not  be  as  lasting  as  the  raditun. 
However,  suitable  compounds  are  prepared  which  will  be 
effective  for  many  years.  These  compounds  are  mixed  with 
varnish  and  the  resulting  paint  is  now  being  applied  to 
many  objects  that  are  to  be  rendered  visible  in  the  dark. 
Watch  dials  and  hands,  compasses  aeroplane  instruments 
for  night  flying,  electric  pull  chains  and  push  buttons,  etc. 
(keyholes  are  usually  mentioned,  too).  The  use  of  radium 
for  this  material  is  second  only  to  its  use  in  medicine. 

Experiments  are  under  way  to  determine  other  com- 
mercial uses  of  radium,  and  undoubtedly  the  near  future 
will  see  a  much  greater  demand  for  this  precious  material 
than  exists  even  now. 

There  is  probably  a  total  of  not  more  than  eighty  to 
ninety  grams  of  radium  element  in  all  the  high  grade 
radium  preparations  in  the  whole  world.  Of  this  amount 
twenty  grams  have  been  prepared  in  the  Radium  Research 
Laboratory  of  the  Standard  Chemical  Company  during  the 
four  years  that  production  has  been  under  way.  Other 
production  in  the  United  States,  including  the  radium  pro- 
duced by  the  United  States  Bureau  of  Mines  for  the  Na- 
tional Raditun  Institute,  probably  totals  ten  grams,  making 
the  United  States  the  producer,  to  date,  of  over  a  third 
of  the  world's  raditun  supply.  The  present  producing 
capacity  of  the  Standard  Chemical  Company  is  1.5  grams 
of  radium  element  per  month. 

The  vanadium  in  carnotite  is  ultimately  marked  as 
ferro-vanadium.  Uranium  has  recently  been  successfully 
reduced  to  a  commercial  ferro-uranium  in  the  metallurgical 
department  of  the  Standard  Chemical  Company.  This 
ferro-uranium  has  been  found  to  greatly  improve  the  qual- 
ity of  high-speed  tool  steel,  less  than  a  per  cent,  of  uranium 
making  it  possible  to  produce  the  highest  quality  of  tool 
steel,  even  when  the  tungsten  content  of  the  steel  is  greatly 
reduced. 
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CONSTRUCTION    OF    GRAIN    ELEVATORS. 

By  F.  C.  Huffman,  '05. 

On  account  of  the  enormous  grain  business  which  the 
Chicago  &  Northwestern  Railway  Company  is  called  upon 
to  handle,  it  has  become  necessary  for  the  company  to  enter 
into  the  construction  of  large  grain  elvators  at  its  important 
terminals,  more  especially  the  terminals  which  are  located 
on  harbors  where  the  grain  may  be  moved  in  either  direc- 
tion, from  water  to  rail,  or  vice  versa. 

In  the  earlier  period  it  was  the  practice  in  building 
grain  elevators  to  construct  them  of  timber,  having  the 
storage  bins  built  of  dimension  timber,  with  the  smallest 
dimension  in  the  vertical  position,  drifted  together  with 
broken  joints  and  dove-tail  style  of  joints  at  all  corners, 
making  a  very  good  weather  proof  storage  for  grain.  This, 
however,  was  found  to  be  very  dangerous  on  account  of 
fires  originating  from  various  sources  and  the  structure 
was  lined  and  covered  with  sheet  steel.  Later,  when 
the  price  of  structural  steel  reached  a  low  figure,  it  was 
found  practical  to  build  grain  elevators  of  steel 
and  it  was  here  we  notice  the  appearance  of  the  cir- 
cular bin  construction,  having  the  bins  built  of  sheet  steel 
similar  to  stand  pipes  used  in  water  works  systems,  but  built 
in  clusters,  making  the  design  along  economical  lines,  leav- 
ing the  numerous  bins  fastened  together  and  using  for 
storage  of  grain  the  interspaces  between  bins,  as  well  as  the 
interior  portion  of  the  circular  bins.  With  the  remainder 
of  the  building  constructed  of  structural  steel  this  made  a 
fireproof  structure.  Not  long  after  the  steel  type  of  con- 
struction was  introduced  the  concrete  and  steel  method 
entered  the  field  and  has  been  so  satisfactorily  executed 
that  it  is  becoming  almost  the  universal  type  of  construc- 
tion of  grain  elevators  at  the  prsent  time. 

The  Chicago  &  Northwestern  Railway  Company  has 
just  completed  a  large  grain  elevator  at  Milwaukee,  Wis- 
consin, and  has  under  construction  at  Chicago,  Illinois,  the 
largest  grain  elevator  in  the  world. 

The  elevator  at  Milwaukee  is  located  along  the  Chi- 
cago to  Milwaukee  main  line  of  the  railway,  just  south  of 
the  Kinnickinnic  River  draw  bridge  on  the  Kinnickinnic 
Bay,  which  is  the  inner  harbor  of  Milwaukee  oflf  of  Lake 
Michigan.  This  is  an  ideal  location  for  an  elevator,  espe- 
cially from  the  navigators  view  point,  as  the  harbor  is  very 
close  to  the  entrance  from  Lake  Michigan  and  there  are 
no  draw  bridges  to  encounter  by  boats  serving  the  elevator. 
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The  contract  for  pile  foundation  was  let  to  the  Walsh 
Construction  Company  of  Davenport,  Iowa,  in  May,  1915, 
and  the  driving  of  5,000  piling,  ranging  in  length  from  60 
feet  to  65  feet,  was  completed  in  August  of  the  same  year. 
These  piling  are  spaced  two  and  one-half  feet  center  to 
center  in  both,  directions  under  the  main  portion  of  the 
elevator  and  storage  bins,  and  each  pile  is  subject  to  a 
loading  of  twenty  tons.  In  selecting  the  desirable  length 
of  piling  to  be  used,  several  borings  were  taken  which  gave 
a  variation  of  clay  below  the  silt  deposited  by  water.  This 
clay  grew  harder  as  the  depth  increased  and  at  a  depth  of 
from  40  feet  to  60  feet  seemed  fair  for  foundation  pur- 
poses. Several  test  piles  of  different  lengths  were  driven  and 
loaded  with  50  tons  to  60  tons  load,  and  no  material  set- 
tlement was  noted  other  than  the  small  compression  of 
top  of  pile  due  to  heavy  loading.  These  test  piles  gave  a 
bearing  power  of  from  22  tons  to  27  tons  calculated  from 
the  Engineering  News  formula  in  connection  with  the  pile 
driver.  The  piling,  upon  which  was  laid  the  heavily  rein- 
forced concrete  slab,  built  as  one  unit  under  the 
entire  structure,  were  cut  off  below  the  water  level. 
The  contract  for  the  construction  of  the  superstruc- 
ture, built  entirely  of  concrete,  reinforced  with  steel,  was 
let  to  the  Barnett  &  Record  Company  of  Minneapolis,  Min- 
nesota, in  August,  191 5,  and  the  elevator  was  turned  over 
to  operator  and  received  grain  September  ist,  1916.  There 
is  no  claim  made  for  record  of  time  on  this  work,  as  very 
little  could  be  accomplished  during  the  cold  winter  months 
and  the  scarcity  of  labor  greatly  hampered  the  progress  of 
the  work. 
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The  building  consists  of  a  track  shed,  156  feet  long 
by  79  feet  wide  by  40  feet  high,  a  work-house  167  feet  long 
by  4S  feet  wide  by  190  feet  high,  and  72  storage  bins,  each 
fifteen  (15)  feet  in  diameter,  making  the  cluster  181  feet 
long  by  103  feet  wide,  including  width  of  dock,  and  117  feet 
high,  including  the  belt  galleries  on  top  and  the  basement, 
whidi  is  used  for  the  belt  conveyors  and  other  machinery. 

The  track  shed  is  arranged  with  four  tracks  running 
through  it  in  which  twelve  cars  can  be  unloaded  and  six 
cars  loaded  simultaneously. 

The  work-house  contains  the  machinery  for  receiving 
and  handling  the  grain  and  for  the  distribution  of  same  to 
the  different  parts  of  the  building  and  storage  bins,  scale 
hoppers,  treating  and  drying  apparatus. 

The  storage  bins  are  arranged  for  storage  inside  the 
circular  bins  and  also  in  the  interspaces  between  bins.  The 
row  of  bins  along  the  dock  are  arranged  with  hopper  bot- 
toms about  two-thirds  the  distance  to  the  top,  the  upper 
portion  serving  as  shipping  bins  for  loading  into  boats 
along  the  dock. 

The  method  used  in  constructing  the  building  was  by 
sliding  forms,  the  walls  all  being  carried  up  together  and 
the  pouring  as  nearly  continuous  as  practicable. 

The  following  list  will  serve  to  show  in  general  the 
material  and  equipment  used  in  the  construction : 

Piling — 5,000  pieces,  equaling  300,000  lineal  feet. 
Concrete,  20,000  cubic  3rards. 
Reinforcing  steel — 1,549  tons. 
Spouting — 225  tons. 
Belting— 8,800  feet. 
Structural  Steel— 420  tons. 

Motors — 58,  ranging  from  5  to  150  horse  power,  totaling  2,145 
horse  power. 

Concrete  Dock— 1,200  lineal  feet. 
Trackage — ^25,000  lineal  feet  of  yard  tracks. 
Capacity — Handling  50,000,000  bushels  annually. 

The  elevator  at  Chicago,  Illinois,  is  located  on  the  Calu- 
met River  in  the  vicinity  of  123rd  Street  and  Torrence 
Avenue. 

The  Calumet  River  has  a  channel  200  feet  in  width  at 
the  bottom,  21  feet  deep  and  empties  into  Lake  Michigan 
about  four  miles  northeast  of  the  elevator  site  at  the  South 
Chicago  Harbor. 

Several  borings  were  made  at  the  site  of  the  structure, 
all  of  which  were  carried  down  to  solid  rock,  which  was 
from  seventy-two  (72)  feet  to  seventy-five  (75)  feet  below 
the  surface  of  the  surrounding  ground,  which  had  an  eleva- 
tion of  from  two  (2)  feet  to  four  (4)  feet  above  Chicago 
city  datum,  the  zero  of  which  is  at  mean  water  elevation 
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of  Lake  Michigan.  The  average  formation  showed  the 
following  : 

From  top  of  ground  to  two  (2)  feet  below — turf; 
from  two  feet  to  twelve  feet,  quick  sand ;  from  twelve  feet 
to  thirty-eight  feet,  blue  clay,  very  hard  at  bottom;  from 
thirty-eight  feet  to  seventy-three  feet,  hard  pan;  from 
seventy-three  feet  to  seventy-five  feet,  shell  rock ;  at  seventy- 
five  feet,  solid  rock. 

Test  piles  were  driven  and  after  very  hard  driving 
it  was  able  to  get  a  penetration  of  thirty-six  feet  to  the 
underlying  hard  pan,  but  the  pile  began  going  to  pieces 
under  the  hammer  at  this  depth.  The  pile  was  then  cut 
oflF  and  loaded  with  a  sixty-five  (65)  ton  load.  A  very 
slight  movement  of  the  gauge  showed  about  one-sixteenth 
(1/16)  inch  change,  which  was  due  to  the  fibre  change  in 
the  timber  under  the  heavy  load.  It  was  decided  from  the 
investigation  that  piling  ranging  from  thirty-eight  (38)  feet 
to  forty  (40)  feet  would  be  desired.  The  design  of  the 
foundation  required  the  loading  of  each  pile  to  be  two  tons 
per  pile.  This  required  the  piles  to  be  placed  two  and  one- 
half  (2j^)  feet  center  to  center  in  either  direction. 

The  contract  for  pile  foundation  was  let  to  the  Great 
Lakes  Dredge  and  Dock  Company  of  Chicago,  Ilfinois,  in 
September,  1915,  and  the  completion  of  driving,  18,200 
piling,  was  accomplished  in  May,  1916. 

The  contract  for  construction  of  the  superstructure  of 
the  power  House  was  let  to  the  Westing^house,  Church,  Kerr 
&  Company  of  New  York  City  on  December  i8th,  191 5. 
Field  work  was  started  in  June,  1916,  and  the  work  is  ex- 
pected to  be  completed  by  March  ist,  1917. 

The  Power  House  is  a  brick  structure,  88  feet  by  129 
feet,  with  structural  steel  roof  trusses,  resting  on  heavily 
reinforced  concrete  base.  It  has  a  Custodis  brick  chimney 
207  feet  in  height,  resting  on  heavily  reinforced  concrete 
base  32'x32';  Stirling  Boilers  of  3,000  horse  power  are 
being  installed  at  present  and  space  for  an  additional  in- 
stallation is  provided  for.  The  boilers  are  equipped  with 
the  latest  Westinghouse  stokers  and  coal  handling  ma- 
chinery. The  power  installation  at  present  is  two  1,500  K. 
W.  and  one  500  K.  W.  turbines.  Room  is  provided  for  an 
additional  1,500  K.W.  turbine  for  future  use.  All  power 
for  the  grain  elevator,  as  well  as  for  the  auxiliary  buildings, 
will  be  electrically  transmitted  and  the  lighting,  heating  and 
watering  will  be  furnished  from  this  central  plant.  Water 
for  the  cooling  system  in  connection  with  the*  condensing 
turbines  and  for  the  fire  protection  line  is  supplied  through 
a  thirty-six  (36)  inch  intake  and  discharge  pipe  connected 
with  the  Calumet  River. 
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On  December  31st,  191 5,  the  contract  for  the  con- 
struction of  the  superstructure  and  equipment  of  the  ele- 
vator proper  and  the  remaining  auxiliary  buildings  was 
awarded  to  the  Witherspoon-Englar  Company  and  Grant 
Smith  &  Company  of  Chicago,  Illinois.  The  field  work 
was  started  in  February,  1916,  and  was  vigorously  executed 
until  the  extreme  cold  weather  of  December  of  the  same 
year  stopped  the  concreting,  which  at  that  time  consisted 
of  the  building  of  reinforced  curtain  walls  which  could 
not  safely  be  built  without  covering  and  heating  plant. 

The  structures  under  this  firm's  contract  consist  of 
the  following:  Grain  Elevator  proper,  which  covers  a 
space  of  ground  563  feet  by  287  feet,  including  a  track 
shed,  work-house,  storage  house,  river  house,  marine  tower, 
dock  and  shipping  gallery.  All  of  these  are  connected  as 
one  unit,  and  constructed  of  reinforced  concrete  and  struc- 
tural steel  encased  in  concrete. 

The  track  shed  is  a  one-story  structure  48  feet  in 
height,  having  five  through  tracks,  each  holding  six  cars 
for  unloading  or  loading,  as  required. 

The  work  house  consists  of  95  circular  bins,  15  feet  in 
diameter,  surmounted  by  a  cupola,  built  of  structural  steel 
with  reinforced  concrete  curtain  walls  rising  to  a  total  height 
of  215  feiet. 

The  storage  house  consists  of  182  circular  bins,  22^ 
feet  in  diameter,  of  which  104  bins  are  being  constructed 
at  present,  the  remaining  78  bins  to  be  added  in  the  future. 
Above  the  top  of  the  bins  are  the  belt  galleries,  which  makes 
the  total  height  of  the  storage  house  139  feet. 

The  river  house  consists  of  24  circular  bins  22H  feet 
in  diameter,  surmounted  by  a  cupola  similar  in  construction 
and  having  to  form  like  functions  to  those  of  the  work- 
house, only  instead  of  handling  the  grain  from  and  to  cars 
it  deals  with  the  moving  of  grain  from  and  to  the  boats. 
The  total  length  of  this  structure  is  194  feet. 

The  marine  tower  is  located  at  the  south  end  of  the 
river  house  and  is  153  feet  high.  It  has  a  marine  leg  96 
feet  long  for  receiving  grain  from  boats  and  delivering  the 
grain  to  the  river  house  for  further  disposition. 

The  dock  is  of  reinforced  concrete  1,200  feet  long 
and  9  feet  above  the  water,  extending  along  the  river  front 
of  the  river  house  and  adjacent  thereto,  which  will  accom- 
modate the  unloading  of  one  boat  and  the  loading  of  an- 
other simultaneously,  or  the  loading  of  two  boats  at  the 
same  time. 

The  shipping  gallery  is  located  on  the  north  side  of 
the  river  house  along  the  dock,  and  has  for  its  functions 
the  loading  of  grain  into  boats.     It  is  used  for  trimming 
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the  loads  into  boats  while  another  boat  is  receiving  the  bulk 
of  its  load  from  the  numerous  spouts  in  front  of  the  river 
house. 

The  auxiliary  buildings  are  as  follows : 

The  Welfare  Building  is  a  two-story  brick  structure, 
82'x65'  furnished  with  all  modem  equipment  for  accommo- 
dating employees. 

The  Office  Building  is  a  three-story  brick  structure,  42 
feet  by  58  feet  and  besides  serving  as  office  room  is  equuq)ed 
with  private  sleeping  rooms  and  dining  room  for  the  officers 
and  operators  of  the  grain  elevator. 

The  Shop  Building  is  a  one-story  brick  building,  82 
feet  by  32  feet,  to  be  used  for  housing  the  equipment  for 
making  repairs  to  the  machinery  used  in  the  elevator. 

All  of  the  above  buildings  and  power  house  are  located 
north  of  grain  elevator. 

The  dust  house  is  a  one-story  brick  structure,  built  on 
an  elevated  reinforced  foundation,  for  receiving  dust  and 
cleanings  from  the  grain  for  the  purpose  of  sacking  and 
disposition  as  a  by-product.  This  building  is  located  south 
of  the  work  house. 

The  sulphur  storage  house  is  a  one-story  brick  struc- 
ture, 30^x17',  for  the  storage  of  sulphur  used  in  treating 
the  grain. 

In  the  construction  of  the  grain  elevator  proper  the 
method  of  the  sliding  forms  was  used  on  the  circular  bins 
and  the  stationary  boxed-in  forms  on  the  remainder  of  the 
work.  The  circular  bins  were  built  in  three  units  in  the 
following  order:  The  104  bins  of  the  storage  were  built 
95  feet  in  height  in  about  three  weeks,  working  two  eleven- 
hour  shifts  per  day,  averaging  a  little  over  four  feet  per 
day  with  a  record  day  of  approximately  gyi  feet  The  24 
bins  of  the  river  house  were  built  90  feet  high  in  about 
eleven  days,  with  a  record  run  of  twelve  feet  in  one  day. 
The  95  bins  of  the  work-house  were  built  90  feet  high  in 
about  three  weeks,  encountering  two  "shut-downs"  on  ac- 
count of  freezing  weather.  The  progress  was  somewhat 
retarded  because  of  cold  weather,  as  it  became  necessary 
to  cover  the  green  concrete  with  hay  and  straw,  then  re- 
move same  and  apply  hot  water  to  remove  any  indications 
of  frost,  thereby  assuring  a  perfect  bond  in  the  concrete 
when  pouring  was  continued. 

The  concrete  handling  plant  consisted  of  three  one- 
yard  mixers,  each  having  a  daily  capacity  of  1,200  cubic 
yards  of  concrete  which  was  delivered  by  use  of  towers 
and  spouting  to  various  parts  of  the  work.  The  sand  and 
gravel  was  delivered  by  belt  conveyor  from  the  cars  to  a 
large  storage  hopper,  from  whence  it  was  delivered  by  belt 
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conveyor  to  the  smaller  individual  hoppers  at  each  concrete 
mixing  plant. 

On  account  of  the  size  of  this  structure  it  may  be  in- 
teresting to  know  the  amount  of  material  used  in  the  con- 
struction and  the  following  is  a  list  of  units  used : 

Excavation,  80,000  cu  yds. 

Foundation  Piling,  18,200  pieces,  698,000  lineal  feet 

Concrete,  62,000  cu  yds. 

Reinforcing  steel,  1,750  tons. 

Structural  steel,  5,400  tons. 

Elevating  and  conveying  belting,  52,033  lineal  feet  (10  miles). 

Form  lumber   1,900,000  feet  BM. 

Cement,  94,000  barrels. 

OPERATING  FACILITIES 

Storage  capacity  with  182  storage  bins 10,000,000  bushels 

Storage  capacity  with  104  storage  bins 6,000,000        " 

Daily  receiving  capacity  by  cars...^ 1,296,000        " 

Daily  shipping  capacity  by  cars 1,296,000        " 

Daily  receiving  capacity  by  boat ^     480,00        " 

Daily  shipping  capacity  by  boat ^.  1,440,()00        " 

The  entire  capacity  of  the  elevator  can  be  turned  over 
in  two  days  time  if  necessary  on  account  of  grain  heating. 
A  Zeleny  thermometer  system  registering  the  tempera- 
ture in  all  the  bins  at  five  feet  intervals  is  used,  which  will 
indicate  the  temperature  of  all  grain. 

RAILROAD   FACILITIES 

To  serve  the  grain  elevator,  18  miles  of  yard  tracks 
were  constructed  connecting  with  the  belt  line  railway  serv- 
ing this  district.  The  yard  tracks  are  divided  into  receiving 
tracks,  running  tracks,  storage  tracks  and  hopper  tracks. 
The  hopper  tracks  are  so  arranged  that  cars  go  through 
the  track  shed,  depositing  or  receiving  grain,  as  the  case 
may  be,  and  are  taken  away  by  the  gravity  system  of  switch- 
ing.   The  capacity  of  these  yard  tracks  is  1,250  cars. 

Also  in  connection  with  the  railroad  operation  it  was 
necessary  to  construct  a  three-stall  brick  engine  house  for 
switch  engines,  a  50-ton  capacity  mechanical  fuel  station 
and  a  47,000-gallon  water  tank. 

Provision  has  been  made  for  a  future  double  track  line 
to  pass  between  the  storage  house  and  river  house  to  serve 
other  industries  which  will  be  constructed  along  the  river 
front. 

The  entire  work  of  designing  and  construction  of  the 
elevators  was  made  under  the  direction  of  W.  H.  Finley, 
Chief  Engineer  of  the  Chicago  &  North  Western  Railway 
Company.  The  design  of  the  Milwaukee  elevator  was 
made  by  the  Toltz  Engineering  Company  of  St.  Paul,  Min- 
nesota, while  the  John  S.  Metcalf  Company  of  Chicago, 
Illinois,  were  the  designing  engineers  for  the  Chicago  ele- 
vator. 


Digitized  by 


Google 


24  Purdue   Engineering   Review 

A  BRIEF  REVIEW  OF  TWENTY-FIVE 
BOILER   TESTS. 

By  Prof.  Gilbert  A.  Young. 

INTRODUCTION 

The  past  ten  years  have  been  remarkable  for  epoch- 
making  improvements  in  power  plant  efficiencies.  Strange- 
ly enough,  greater  efficiencies  have  been  effected  in  the 
boiler  room  than  in  the  engine  room,  for  previous  to  this 
time  engineers  were  inclined  to  confine  their  efforts  to  in- 
crease the  performance  of  the  steam  engine  or  turbine 
with  only  casual  glance  in  the  boiler  room.  The  reason 
for  the  proper  consideration  of  this  part  of  a  power  plant 
during  the  past  decade  is  undoubtedly  due  the  gradual  in- 
crease in  the  cost  of  coal  and  a  final  realization  that  greatest 
economies  were  to  be  found  in  the  steam-generating  ap- 
paratus. 

For  more  than  ten  years  the  writer  has  been  associated 
in  a  consulting  capacity  with  improvements  in  power  plant 
performances  of  the  LaFayette  Box  Board  and  Paper  Com- 
pany. Twenty-five  tests  have  been  run  on  the  boilers  of 
this  interesting  plant,  many  of  which  were  in  the  nature 
of  thesis  work. 

BOILERS  AND  NEW  APPARATUS 

The  boiler  plant  consisted,  when  first  installed  in  1904, 
of  four  Sterling  boilers  rated  at  300  H.  P.  each,  Roney 
stokers  and  a  good  chimney  capable  of  producing  a  suf- 
ficient draft.  Sinc^  104  the  following  changes  have  been 
ficient  draft.  Since  1904  the  following  changes  have  been 
made,  all  looking  toward  greater  economy. 

1905.  All  boilers'  setting  and  breeching  covered  with  three 
inches  of  insulating  material  and  protected  by  out- 
side metal  casing  of  heavy  sheet  iron. 

1908.  McDonough  system  of  automatically  regulating  boiler 
feed  pumps,  steam  prussure,  draft  and  stoker  en- 
gine. 

1910.  Recording  instruments  for  all  pressures,  drafts  and  tem- 

perature connected  with  boilers. 

1911.  Installed  Indicating-Recording  Venturi  meter  on  feed 

water  and  Uhrling's  indicating  and  recording  carbon 
dioxide  instrument. 

1913.  Green  economizer  with  fan  on  the  flue  gases  auto- 
matically controlled  by  McDonough  system. 

1916.    Smoke  and  draft  recording  instruments. 

OUTLINE  OF  TESTS 

A  brief  outline  of  the  tests  conducted  giving  date  and 
general  conditions  may  be  seen  in  Table  i.  The  length 
of  tests  varied  from  eight  to  twenty-four  hours.  Coal  and 
ashes  were  weighed  and  the  water  weighed  or  sent  through 
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a  Venturi  meter  which  could  be  calibrated  by  weighing  the 
water.  All  gauge  and  thermometers  were  calibrated  before 
and  after  tests  and  all  conditions  as  suggested  by  the 
American  Society  of  Mechanical  Engineers'  Code  of  Test- 
ing were  observed. 

DISCUSSION  OF  GRAPHICAL  RESULTS 

A  copy  of  the  significant  results  of  each  test  outlined 
above  may  be  found  in  Plate  14.  From  the  results  thus 
tabulated  a  number  of  interesting  curves  have  been  drawn. 
No  elaborate  discussion  will  be  made  of  the  results  graphic- 
ally shown  in  Plates  11,  12,  and  13,  but  a  few  outstanding 
points  will  be  emphasized. 


Be'iier     Hor6€  Pow«r 


PLATE  II. 

Curves  A  and  B.  These  curves  show  the  range  of 
load  on  the  boilers  with  three  and  four  units  in  service. 
Each  curve  is  interesting  only  as  it  shows  with  four  boilers 
(Curve  A)  the  load,  in  percent  of  builder's  rating,  in- 
creased from  70%  to  123%.  With  three  boilers  the  range 
of  load  increased  from  88%  to  168%  of  builder's  rating, 
while  with  either  three  or  four  boilers  in  service  the  boiler 
horse  power  developed  increased  from  800  to  over  1,500 
during  the  period  of  ten  years,  which  the  tests  cover. 

PLATE  12 

On  this  plate  the  boiler  power  and  boiler  efficiency  for 
each  year  have  been  averaged  and  plotted  covering  the 
ten  years  from  1906  to  1916. 

Curve  C.    This  curve  shows  the  yearly  increase  of. 
boiler  horse  power.    It  is  drawn  by  passing  a  line  through 
the  average  of  each  of  the  three  groups  which  are  made 
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by  increasing  the  output  in  paper  tonnage  made  possible 
by  the  installation  of  additional  dryers. 

Curve  D.  This  boiler  efficiency  curve  is  a  record  that 
any  power  plant  manager  can  be  proud  of  and  only  a  few 
can  boast  of  in  truth.  It  portrays  a  great  story.  With  an 
efficiency  during  the  first  two  years  averaging  less  than 
50%  it  has  been  increased  so  that  the  average  of  the  last 
three  years  is  over  75%.  This  is  a  fifty  percent  increase 
of  boiler  efficiency  in  a  period  of  less  than  six  years. 

It  is  interesting  to  note  the  three  installations  which 
to  the  mind  of  the  undersigned  have  brought  this  about : 

(a)  1908.    McDonough  automatic  regulators. 

(b)  1910.    C  O2  recorders. 

(c)  1912.    Economizers. 

Another  very  important  fact  may  be  learned  from  a 
study  of  this  efficiency  curve,  namely:  The  limit  of  in- 
crease  of  boiler  efficiency  has  been  passed  with  three  boilers 
in  service.  This  is  shown  on  curve  F  on  Plate  13,  also. 
It  will  be  noticed  that  in  the  recent  tests  the  three  boilers 
were  carrying  163%  of  the  rated  capacity. 

It  can  be  prophesized,  with  every  chance  of  fulfillment, 
that  by  the  use  of  the  smoke  and  draft  recorders  at  his 
service,  Mr.  Miller  will  be  able  to  increase  the  present 
boiler  pressure,  but  that  this  increase  could  be  realised  to 
a  greater  extent  by  the  use  of  four  boilers.  With  the 
present  load  the  four  boilers  could  carry  at  110%  to  120% 
of  their  rated  capacity,  and  this  is  the  over-load  capacity 
carried  during  the  years  1914  and  1915,  when  the  boiler 
efficiency  was  averaging  76%. 
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PLATE  13. 

The  curves  on  this  plate  are  also  very  interesting  and 
instructive.  The  relative  boiler  efficiency  with  and  without 
the  use  of  the  economizers  is  shown  at  a  glance.  It  is 
also  evident  that  these  efficiencies  decrease  as  the  precent 
of  over-load  increases,  but  not  so  rapidly  when  the  econo- 
mizers are  used.  The  results  of  the  tests  shown  in  Group 
A  can  not  be  considered  as  a  part  of  Curve  F,  because 
they  were  run  by  artificially  decreasing  the  per  cent  of 
CO2. 

CONCLUSION 

A  lengthy  summation  of  the  conclusions  is  not  neces- 
sary because  so  many  interesting  facts  may  be  seen  from 
the  curves  just  discussed.  A  few,  however,  may  not  be 
amiss  : 

During  the  past  ten  years  the  horse  power  of  boilers 
has  increased  from  800  to  over  1,500. 


(a) 
(b) 

(c) 


During  the  same  time  the  boiler  efficiency  of  the  plant 
has  increased  from  less  than  50%  to  over  75%,  which  is 
50%  increase. 

This  increase  of  50%  is  due  to  four  factors : — 

McDonough  automatic  regulators. 

C  Oj  records. 

Economizers. 


Increased  personal  interest  and  pride  in  boiler  room 
economics  due  to  the  recording  instruments  which 
place  a  record  of  their  achievements  on  the  presi- 
dent's desk  each  day. 

(d)  A  very  decided  increase  of  economy  is  efiFected  by  the 
use  of  the  economizers  and  this  increase  is  true 
whether  three  or  four  boilers  are  in  service. 
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(e)  The  limit  of  increased  efficiency  has  been  passed  with 

three  boilers  in  operation. 

(f)  A  satisfactory  increase  in  economy  could  be  expected 

by  carrying  die  pressure  load  on  four  boilers. 

(g)  Some  increase  in  efficiency  may  be  expected  with  cer- 

tainty even  with  three  boilers  by  use  of  smoke  and 
draft  indicators  under  intelligent  and  careful  super- 
vision. 

The  story  of  the  achievement  of  this  plant  would  not 
be  complete  without  stating  that  the  plant  was  originally 
built  for  an  output  of  fifty  tons  of  boxboard  in  a  day  of 
twenty-four  hours.  It  is  now  averaging  one  hundred  and 
ten  tons.  The  coal  per  ton  of  board  on  day  of  first  boiler 
test  was  two  and  nine-tenths,  while  today  a  ton  of  boxboard 
is  produced  on  less  than  three-quarters  of  a  ton  of  coal 
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FLYWHEEL  TYPE  MAGNITO. 

By  H.  W.  AsiRE,  '14. 

Although  a  comparatively  recent  development,  the 
Flywheel  type  magneto  has  f oimd  favor  both  with  the  en- 
gine manufacturer  and  the  user.  While  commonly  known 
as  the  Flywheel  magneto  it  does  not  always  serve  as  a 
flywheel,  as  its  weight  is  often  insufficient  for  this  purpose, 
in  which  case  it  must  be  attached  to  the  cast  iron  flywheel. 
Not  only  is  weight  a  deciding  factor,  but  it  is  often  more 
convenient  to  moimt  the  magneto  upon  some  auxiliary 
shaft  such  as  the  cam  or  pump  shaft  on  certain  of  the 
heavier  engines. 

The  magneto  treated  in  the  following  discussion  is 
strictly  of  the  high-tension,  self-contained  type  and  must 
not  be  confused  with  generators  built  into  the  flywheel 
that  supply  current  to  induction  coils  for  ignition  purposes. 

The  outboard  or  detachable  rowboat  motor  was  prob- 
ably the  first  to  use  the  flywheel  type  extensively.  Here 
the  magneto  serves  both  as  the  fl3rwheel  and  a  source  of 
ignition  for  the  motor.  One  of  the  first  types  to  be  used 
for  this  purpose  was  modeled  after  the  conventional  mag- 
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neto  and  in  principle  they  are  the  same.  '  Fig.  I  shows 
only  the  principal  parts.  Circular  magnets  (M)  mounted 
in  a  non-magnetic  dome  of  brass  or  alumintmi  serves  as 
the  flywheel.  These  magnets  are  placed  with  like  poles 
together  forcing  the  flux  through  pole  pieces  P,  which  are 
also  attached  to  the  dome,  through  the  air  gap  to  the  arma- 
ture A.  The  armature  is  wound  in  the  conventional  man- 
ner with  primary  and  secondary.  The  armature  is  sta- 
tionary, i.  e.,  it  does  not  revolve,  but  is  adjustable  for  timing 
purposes.  The  magnets  revolving  past  the  armature  cause 
a  flux  change  through  the  armature  setting  up  currents  in 
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the  windings  in  the  usual  manner.  The  primary  circuit 
is  broken  by  means  of  a  breaker  equipped  with  contact 
points. 

In  this  type  of  construction  the  flywheel  is  keyed  to 
the  crank  shaft  and  revolves  at  engine  speed.  The  crank 
shaft  projects  through  the  armature  plate  and  laminations. 
Recent  developments  have  brought  out  an  armature  con- 
struction that  affords  greater  winding  space  and  eliminates 
the  necessity  of  the  shaft  passing  through  the  armature 
core — an  objectionable  feature  inasmuch  as  the  cam  which 
operates  the  breaker  is  mounted  upon  this  shaft.  This 
construction  is  illustrated  in  Fig.  2.  AA'  are  the  armature 
wings  and  B  is  an  insulating  block  separating  the  two  wind- 
ings. 

For  several  years  the  magneto  described  in  the  fore- 
going was  produced  without  competition,  but  the  evident 
demand  for  this  type  of  ignition  induced  another  company 
to  bring  out  a  flywheel  type.  This  magneto,  placed  on  the 
market  in  19 14,  was  a  radical  departure,  both  in  construc- 
tion and  principle  of  operation  from  all  previous  magneto 
types.  This  construction  described  in  the  following  is  em- 
ployed at  the  present  time  by  the  Quick  Action  Ignition 
Company  of  South  Bend,  Indiana.     The  rotating  element 
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consists  of  the  dome  containing  one  circular  magnet  M 
(Fig.  3),  with  short  polar  gap  and  inwardly  projecting  pole 
pieces  PP.  The  armature  plate  or  stationary  element  sup- 
ports the  armature  laminations  (A)  upon  which  the  coil 
is  placed.  The  core  is  constructed  in  two  parts  to  make 
possible  the  assembly  of  the  complete  coil  in  place  upon 
the  laminations.  In  this  construction  a  spark  occurs  when- 
ever the  armature  spans  the  polar  gap.  The  action  proceeds 
as  follows:  Assume  that  the  magnet  is  rotating  and  has 
reached  the  point  where  the  armature  wing  A  just  spans 
the  magnet  gap.    At  this  point  the  flux  is  passing  through 
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the  wing  and  the  flux  through  the  core  is  zero.  Further 
motion  of  the  magnet  shifts  the  path  of  the  flux  from  its 
shunted  path  to  one  through  the  core.  During  this  period 
the  primary  winding  has  been  short  circuited  and  the  cur- 
rent has  built  up  to  a  maximum  value.  At  the  peak  of  the 
wave  the  breaker  opens  the  primary  circuit,  allowing  the 
flux  to  suddenly  build  from  zero  to  a  maximum  in  the 
core,  linking  in  this  manner  with  the  secondary  turn  and 
producing  the  spark.  The  breaker  is  operated  by  means 
of  a  fibre  cam  projecting  from  the  hub  of  the  flywheel  in 
such  a  position  as  to  open  the  contact  points  of  the  breaker 
and  open  the  primary  circuit  at  the  instant  when  the  lead- 
ing pole  shoe  has  separated  from  the  leading  armature  wing 
by  about  one-quarter  inch.  The  condenser  is  shunted  across 
the  contact  points  of  the  breaker  in  the  usual  manner  to 
reduce  sparking. 

With  this  type  of  magneto  it  is  possible  to  place  any 
number  of  these  coil  units  on  the  armature  plate,  limited 
only  by  the  available  space  in  order  to  fire  multi-cylinder 
engines,  each  coil  providing  a  spark  for  one  cylinder  except 
in  the  case  described  later.  Every  unit  complete  for  firing 
one  cylinder  is  composed  of  a  Coil,  Condenser  and  Breaker. 
In  this  manner  the  firing  of  one  cylinder  is  independent  of 
all  others  and  if  a  coil,  breaker  or  condenser  fails  it  means' 
that  only  one  cylinder  becomes  inoperative.  The  magnet 
in  this  connection  is  disregarded,  as  the  chance  of  failure 
from  this  cause  is  very  remote. 

Figure  4  illustrates  the  construction  just  described.  A 
single  magnet  encircling  all  of  the  coils  provides  the  source 
of  energy  for  all  coils.  One  cam  located  upon  the  flywheel 
hub  serves  to  operate  the  breakers  successively  at  the 
proper  instant.  The  absence  of  distributers,  collector  rings, 
brushes  and  bearings,  inherent  in  the  ordinary  magneto, 
eliminates  a  great  source  of  trouble. 

One  innovation  in  magneto  design  that  may  be  worthy 
of  mention  is  the  employment  of  the  open  magnetic  cir- 
cuit. For  years  the  idea  has  been  drilled  into  the  magneto 
user  that  magnets  should  at  all  times  be  supplied  with  a 
keeper  to  conserve  their  flux  supply,  and,  indeed,  this 
to  a  certain  extent  is  true  with  the  conventional  type 
magneto  employing  more  than  one  magnet.  In  this  case, 
if  the  keeper  were  removed  (for  this  purpose  the  arma- 
ture serves),  one  magnet  would  demagnetize  the  other  to 
a  limited  degree.  With  the  type  of  construction  presented 
by  the  flywheel  megneto  employing  one  circular  magnet, 
however,  the  magnet  stands  as  a  unit  far  removed  from 
any  demagnetizing  influences.  The  use  of  a  magnet  of 
nearly  twice  the  length  of  the  magnet  found  in  the  con- 
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ventional  magneto  nearly  doubles  its  permanence  as  a 
further  factor  of  safety,  and  if  further  proof  of  its  sta- 
bility were  needed  the  fact  remains  that  magnets  in  service 
for  over  four  years  and  imder  constant  observation  have 
failed  to  show  any  drop  in  magnetic  strength.  By  this  it 
is  not  meant  that  the  magnet  has  the  value  found  imme- 
diately after  charging.  This  value  is  not  stable,  but  de- 
creases somewhat  after  ageing  and  assumes  a  stable  condi- 
tion below  which  value  the  strength  of  the  magnet  will  not 
drop  in  actual  service. 

There  are  perhaps  four  leading  fields  open  at  present 
to  the  fl)rwheel  type  magneto,  where  the  advantages  of  this 
type  are  peculiar.  On  the  Motorcycle,  Tractor,  Aeroplane 
and  Marine  engines  there  seems  to  be  a  very  decided  field 
for  this  t)rpe  of  ignition.  On  the  outboard  motor  it  has 
proved  almost  indispensable,  although  battery  ignition  is 
still  supplied  in  some  cases. 

The  magneto  is  now  beginning  to  make  its  appearance 
upon  the  lightweight  motorcycle  and  motor  wheels.  The 
saving  eflfected  by  utilizing  the  magneto  for  a  flywheel  is 
considerable  and  offers  a  great  improvement  in  the  gen- 
eral appearance  of  the  machine.  Gears,  gear  housing  and 
brackets  mounting  the  ordinary  magneto  are  eliminated. 
Where  the  flywheel  is  mounted  inside  of  the  crank  case 
and  the  magnet  must  likewise  be  mounted  within  this 
space,  the  problem  is  more  complicated.  The  magneto  be- 
comes not  only  inaccessible,  but  the  quantities  of  dirty  oil 
present  make  such  an  installation  practically  impossible 
Even  if  these  diflSculties  were  overcome,  the  magnetic 
losses  to  the  iron  crank  case  would  be  excessive  unless  the 
crank  case  were  made  prohibitively  large.  However,  in 
spite  of  the  drawbacks  encountered  in  the  motorcycle  field, 
the  number  of  machines  having  external  flywheels  soon 
will  be  far  in  excess  of  those  having  the  enclosed  con- 
struction. 

The  use  of  this  type  magneto  on  the  tractor  presents 
a  problem  not  encountered  in  the  foregoing.  Here  the 
magneto  must  be  mounted  in  such  a  position  as  to  make 
it  accessible  and  at  the  same  time  provide  a  certain  degree 
of  protection.  While  the  magneto  is  in  no  sense  delicate, 
the  service  encountered  in  the  ordinary  farm  tractor  is  so 
severe  as  to  require  extreme  strength.  As  some  one  ex- 
pressed it,  "Strong  enough  so  that  you  can  hit  it  with  a 
hammer  and  break  the  hammer".  On  the  tractor  it  is  some- 
times necessary  to  resort  to  an  auxiliary  shaft  for  mounting 
the  magneto,  as  the  crank  shaft- is  so  large  and  the  flywheel 
so  heavy  that  it  becomes  necessary  to  abandon  this  part 
as   a   magneto    location.     Up   to   this    time   the   flywheel 
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magneto  has  not  been  used  extensively  for  tractors,  but  it 
offers  peculiar  advantage  for  this  type  of  machine.  The 
heavy  tractor  employs  a  low  speed  engine  so  heavy  that 
the  cranking  speed  in  some  cases  is  not  over  twenty-five 
or  thirty  R.  P.  M.  The  ordinary  magneto  must  resort  to 
spring  starters  known  as  impulse  starters  to  produce  a 
sufficiently  strong  spark  at  these  speeds  for  ignition.  Here 
the  flywheel  type  is*  used  to  advantage  as  its  spark  at  crank- 
ing speed  is  nearly  as  great  as  at  operating  speeds.  This 
characteristic  is  produced  by  its  larger  diameter  and  its 
peculiar  coil  construction  which  makes  possible  the  spark 
curve  shown  in  Figure  5.  The  simplicity  of  construction 
used  in  the  flywheel  type,  together  with  its  ruggedness, 
affords  advantages  that  cannot  long  be  ignored  in  tractor 
construction.  In  some  instances  the  magneto  can  be 
mounted  within  the  cast  iron  flywheel  dished  out  to  re- 
ceive it.  Non-magnetic  spacers  provide  the  required  clear- 
ance of  about  one  inch  between  the  magnet  and  the  cast 
iron.  These  spacers  also  center  the  magnet  within  the 
flywheel. 

The  distinct  advantages  for  Aeroplane  service  must 
not  be  overlooked.  Here  reliability  is  the  first  considera- 
tion. With  the  present  magneto  ignition  of  the  conven- 
tional type,  generally  two  complete  magnetos  are  em- 
ployed, sparking  two  independent  sets  of  si>ark  plugs.  If 
one  magneto  fails  the  other  machine  continues  to  operate 
the  engine.  With  the  flywheel  type,  where  a  firing  unit  con- 
sists of  a  coil,  condenser  and  breaker,  the  failure  of  any 
one  of  these  parts  means  the  failure  of  only  one  cylinder. 
Although  the  permanent  magnet  is  common  to  all  units,  the 
chance  of  its  failure  is  so  small  as  to  be  negligible.  With 
this  type  of  ignition,  there  is  no  problem  of  distributing 
the  spark  to  the  cylinders.  The  coil  units  are  placed  in 
such  position  relative  to  the  cylinders  as  to  cause  the  spark 
to  occur  at  proper  instant.  For  the  revolving  cylinder  type 
engine  the  armature  plate  mounting  the  coils  is  revolved 
in  place  of  the  magnet,  eliminating  the  necessity  for  dis- 
tributers even  in  this  case. 

Upon  first  thought  it  would  appear  that  the  cost  of 
such  construction  would  be  prohibitive  with  the  use  of  so 
many  coil  and  breaker  units,  but  contrary  to  this  idea  the 
machine  can  be  produced  very  cheaply.  This  is  made  pos- 
sible by  the  fact  that  the  available  space  is  not  limited  as 
in  the  ordinary  magneto  and  the  workmanship  need  not 
be  so  precise.  The  very  nature  of  the  machine  precludes 
the  possibility  of  employing  small  and  delicate  parts. 

Repeatedly  the  question  is  asked  why  the  flywheel  type 
is  not  applied  to  the  automobile.    Obviously  the  advantages 
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of  this  type  would  be  considerable,  but  several  other  im- 
portant factors  enter  into  its  ai^lication  to  the  automobile. 
Perhaps  the  first  consideration  is  the  fact  that  there  is  no 
convenient  place  to  moimt  the  magneto,  both  from  the 
standpoint  of  available  space  and  accessibility.  To  pro- 
vide such  space  the  manufacturer  would  have  to  alter  his 
design,  a  change  that  is  necessarily  very  reluctantly  made 
unless  the  improvement  is  an  absolute  necessity  brought 
about  either  by  competition  or  demand.  The  conventional 
magneto  on  the  automobile  gives  fair  results  and  unless 
something  unusual  occurs  the  change  to  the  flywheel  igni- 
tion will  not  be  made  for  some  time  to  come. 

To  summarize  then,  the  advantages  presented  by  the 
flywheel  type  over  the  conventional  magneto  are  somewhat 
as  follows:  The  flywheel  type  employes  no  moving  wires, 
brushes,  collectors  or  distributers;  has  no  bearings  of  its 
own,  but  utilizes  the  engine  bearings;  requires  no  belts, 
friction  pulleys,  gears,  trips  or  brackets ;  provides  a  system 
easily  timed  once  the  magneto  is  fitted  to  the  engine,  as 
the  flywheel  is  keyed  in  a  given  position  on  the  engine 
shaft ;  increases  the  operating  factor  of  safety  by  providing 
separate  units  for  each  cylinder ;  provides  ignition  with  an 
unlimited  timing  range,  giving  an  equally  good  spark  at  all 
settings ;  provides  a  spark  at  cranking  speeds  that  is  nearly 
as  great  as  at  operating  speeds.  The  amount  of  space  that 
can  be  devoted  to  the  armature  and  its  windings  is  much 
greater  than  other  magnetos  afford.  This  makes  possible 
a  very  rugged  coil  construction  that  resists  electrical  strains, 
water  and  hard  usage.  In  cases  where  the  Type  "F"  acts 
as  the  engine  flywheel  it  can  hardly  be  said  to  take  up  any 
room,  since  it  displaces  a  part  for  which  room  was  pro- 
vided. It  must  not  be  assumed  that  the  introduction  of 
the  flywheel  magneto  has  been  over  a  rose-strewn  path. 
Many  early  failures  were  encountered  and  overcome  with 
much  difficulty  and  in  a  great  many  cases  prejudice  against 
this  type  magneto  has  been  encountered  by  these  failures. 
The  costly  mistakes  made  in  some  of  the  first  machines, 
however,  were  structural  and  not  fundamental.  Later  im- 
provements have  overcome  all  these  faults  and  the  flywheel 
type  is  gradually  coming  into  its  own. 
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RATES  FOR  ELECTRIC  LIGHTING  AND  POWER 

By  E.  G.  Ralston,  '13. 

Electric  energy  is  a  manufactured  comodity.  Like 
the  majority  of  commodities  it  is  manufactured  from  cer- 
tain raw  materials,  and  is  usually  sold  and  distributed  to 
a  number  of  consumers  residing  over  a  certain  territory. 
The  sale  of  this  product  canno.t  be  accomplished  in  the 
same  way  as  with  others,  however,  because  its  cost  of 
manufacture  and  distribution  varies  greatly  with  certam 
well  known  quantities.  There  is  no  efficient  or  practical 
way  in  which  a  large  amount  of  electrical  energy  can  be 
stored  for  commercial  purposes  as  is  the  case  with  prac- 
tically all  other  articles.  Hence  an  electric  plant  and  dis- 
tribution system  must  be  large  enough  to  meet  the  max- 
imum load  of  the  system.  In  other  words  Central  Sta- 
tions must  manufacture  and  deliver  their  product  at  the 
same  instant  it  is  needed  by  the  consumer. 

In  fact,  It  is  now  generally  recognized  that  there 
are  three  items  of  expense  to  be  considered  in  rate  mak- 
ing, namely : 

(ist).  The  Capacity  Expense. — This  expense  is 
the  interest  on  the  cost  of  the  apparatus  necessary  to 
carry  the  customer's  maximum  load.  This  investment 
must  cover  the  cost  of  the  part  of  the  Central  Station 
equipment  allotted  to  each  customer,  a  portion  of  the 
transmission  line  to  which  he  is  connected,  and  of  the 
transformers  or  sub-stations  supplying  him,-  a  certain 
fraction  of  the  real  estate,  buildings,  etc.,  a  certain  por- 
tion of  the  general  expense  and  taxes  and  depreciation  on 
this  investment,  or  in  other  words  it  could  be  classed  as 
a  rental  charge  for  the  equipment  necessary  to  take  care 
of  a  customer's  maximum  load. 

(2d).  Output  Cost. — This  is  the  cost  of  the  elec- 
tric energy  used  by  the  customer.  It  consists  of  the 
cost  of  the  fuel,  oil,  water  and  incidental  power-house 
supplies  used  in  generating  the  energy  which  he  uses  plus 
the  pro-rated  labor  cost  of  operation. 

(3d).  The  Consumer's  Expense. — This  is  the  ex- 
pense of  reading  the  meters,  making  out  and  collecting 
the  bill,  new  business  expense  and  customer's  premises 
expense.  The  cost  of  fuel,  the  cost  of  labor,  the  average 
distance  of  distribution  of  energy  from  the  Central  Sta- 
tion, the  power  factor  and  the  diversity  factors  of  the  cus- 
tomers all  effect  or  in  fact  actually  determine  the  nu- 
merical value  of  these  items. 
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In  considering  present  day  rates,  we  may  as  well  be- 
gin by  admitting  that  there  is  no  system  to-day  that  is 
satisfactory  to  all  parties  concerned.  The  public  as  a 
general  rule  desires  a  block  rate  applying  to  all  classes 
of  consumers,  i  e.,  a  certain  rate  per  kw.  h.  for  the  first 
unit  of  kw.  hours  consumed  per  month,  a  certain  lower 
rate  per  kw.  hour  for  the  next  unit  of  kw.  hours  con- 
sumed per  month,  etc.  They  cannot  see  why  there  should 
be  any  distinction  made  between  power  loads  and  resi- 
dence lighting  loads  or  between  residence  lighting  loads 
and  electric  cooking  rates,  since  the  energy  is  delivered 
over  the  same  wire  and  generated  by  the  same  apparatus. 
They  also  seem  to  feel  that  if  a  certain  factor  is  given  as 
an  example  a  2j^c  rate  and  the  residence  customers  of 
the  same  company  are  charged  a  loc  rate,  that  they  are 
being  robbed  in  order  that  tlie  factory  may  enjoy  a  dis- 
criminating price.  Progressive  Central  Stations  on  the 
other  hand  desire  a  schedule  that  fulfills  as  nearly  as 
possible  the  requirements  outlined  below.  The  block  sys- 
tem of  rate  can  not  be  condemned  too  strongly.  It  tends 
to  reduce  rather  than  increase  a  Central  Station's  sales  or 
output.  Thus  a  blocl^  rate  must  necessarily  be  based  on  the 
average  output  cost  of  a  Central  Station.  The  average  cost 
of  production  per  kw.  h.  for  ordinary  Central  Station 
is  so  high  that  large  factories  would  install  their  own 
plants  before  they  would  pay  a  rate  based  upon  average 
costs.  Thus,  a  Central  Station  would  soon  find  itself  sup- 
plying only  residences  and  small  commercial  users,  there- 
by creating  poor  load  factors  and  higher  rates  to  its  re- 
maining consumers. 

Any  rate  schedule  should  have  four  primary  ob- 
jects, namely: 

(i).     To    secure    a    satisfactory    profit    for    the 
•    company. 

(2.)  To  develop  the  sale  of  the  Central  Sta- 
tion's product,  (a)  By  discouraging  the  use  of  pri- 
vate plants  or  other  sources  of  light  and  power, 
(b)  By  developing  new  uses  for  electrical  energy, 
such  as  electric  cooking,  electric  refrigeration,  elec- 
tric furnaces,  electric  ovens,  etc. 

(3).  To  improve  the  load  factor  of  the  system, 
(a)  By  improving  the  load  factor  of  individual  cus- 
tomers, (b)  By  improving  the  diversity  factor  of 
the  customers. 

(4).  To  prevent  discrimination  by  compelling 
each  class  of  customers  to  bear  their  share  of  the 
Central  Station  cost. 
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It  is  evident  that  aoy  schedule  which  even  attemyts 
to  accomplish  the  above  four  requirements  must  consider 
not  only  the  kilowatt  hours  used  by  dinerent  customers, 
but  also  their  maximum  electric  loads  and  the  time  of 
their  occurrence  with  respect  to  the  time  of  the  peak  of 
the  Central  Station  system. 

The  class  of  rates  fulfilling  these  requirements  most 
completely  are  known  as  Demand  and  Energy-  Rates. 
This  method  of  selling  energj%  introduced  by  Hobkinson 
in  England  about  twenty-five  years  ago.  consists  of  a 
certain  fixed  charge  per  month  per  kw.  of  maximum  load, 
known  as  the  Demand  charge,  and  a  low  rate  f*:»r  the 
energy  actually  consumed,  which  was  called  the  Energy 
charge.  The  Demand  charges  represented  all  the  fixed 
costs  to  the  utility  for  supplying  customers.  For  ex- 
ample, if  a  given  customer  had  a  10  kw\  load  during  peak 
hours,  the  utility  would  have  to  have  10  kw.  of  apparatus 
in  its  station,  lines  and  transformers  for  this  particular 
consumer.  The  Demand  charge  might  be  termed  a  Ren- 
tal charge  for  this  equipment,  and  would  be  independent 
of  the  number  of  hours  a  day  this  customer  used  his  load. 
The  Energy  charge  represented  the  cost  of  the  energy 
actually  used  by  the  customer. 

It  can  be  seen  from  the  following  example  that  as  a 
customer's  load  factor  is  improved,  his  rate  is  automati- 
cally reduced  by  the  above  schedule.     Suppose  a  cus- 
tomer is  being  billed  upon  a  Demand  and  Energy  con- 
tract which  calls  for  $2.00  per  month  per  kw.  of  maxi- 
mum load  of  2c  per  kw.  h.  for  the  energ^^-  he  actually 
uses.     Suppose  that  this  customer  is  operating  a  small 
factory  with  only  a  day  shift  working.    Under  these  con- 
ditions suppose  the  maximum  load  required  to  pull  his 
machines  is  10  kw.  or  13  1/3  h.  p.,  and  the  watt  hour  meter 
registers  2000  kw.  hrs.  per  month.    His  bill  then  would  be 
$2Xio=$20.oo  for  his  demand  charge,  plus  2cX20oo  or 
?40.oo,  his  energy  charge,  or  a  total  of  $60.00.     This  is 
equivalent  to  a  3c  rate.    Now  suppose  he  puts  on  a  night 
shift  just  equal  to  his  day  shift.    His  consumption  would 
then  be  doubled  or  4000  kw.  hrs.  per  month.    His  maxi- 
miun  load  would  be  the  some,  however,  or  10  kw.    Hence 
his  total  bill  for  the  month  would  be  the  same  demand 
charge  of  $20.00  plus  an  energy  charge  of  (2CX4000  or 
$80.00)  or  $100.00.    This  is  equivalent  to  a  2j>2C  rate,  or 
a  reduction  of  J4c  per  kw,  h.    On  the  other  hand  if  in- 
stead of  increasing  his  output  by  adding  a  night  shift  he 
had  doubled  his  day  shift,  he  would  have  increased  both 
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his  maximum  load  and  his  consumption  and  thus  would 
not  have  earned  a  better  rate.  Hence  it  is  seen  that  cus- 
tomers operating  under  the  above  schedule  are  encour- 
aged to  keep  their  maximum  electric  load  or  demand  as 
low  as  possible,  or  in  other  words  they  are  encouraged  to 
improve  their  load  factor.  This,  of  course,  tends  to  im- 
prove the  load  factor  of  the  utilities  electric  system. 

In  computing  the  proper  demand  rate  we  must  con- 
sider three  main  factors,  namely,  (i)  the  cost  of  the 
utilities  apparatus  at  the  customer's  premises;  (2)  the 
pro-rated  cost  of  the  transmission  line,  and  (3)  the  pro- 
rated cost  of  the  generating  apparatus.  The  first  and 
part  of  the  second  investments  will  not  be  affected  by 
the  time  of  day  or  season  of  the  year  of  a  customer's 
maximum  load.  However,  the  investment  in  the  gener- 
ating station  is  largely  determined  by  this  item.  Prac- 
tically all  stations  have  certain  hours  at  certain  seasons 
during  which  their  electric  load  is  much  greater  than  at 
any  other  time.  These  loads  are  known  as  the  peak  loads 
and  determine  the  necessary  size  of  the  plant.  In  this 
State  these  peaks  usually  occur  during  the  late  afternoon 
hours  in  the  winter  months,  due  to  the  factory,  store  and 
residence  lighting  loads  all  overlapping.  It  is  evident 
that  a  customer  whose  load  is  small  during  these  hours 
should  not  be  required  to  pay  as  great  a  demand  as  a 
customer  whose  greater  demand  occurs  at  this  time.  This 
fact  has  brought  about  the  use  of  the  so-called  "off  peak" 
schedule.  These  rates  allow  a  customer  a  certain  rebate 
on  his  demand  charge  calculated  on  that  portion  of  the 
demand  that  is  not  used  during  the  peak  hours. 

That  practically  all  companies  recognize  the  demand 
and  energy  feature  in  rate  making  is  shown  by  a  review 
of  schedules  in  use  to-day.  Thus  a  schedule  containing 
rates  based  upon  the  kilowatt  consumption  only  and 
specifying  a  high  residence  rate;  a  medium  commercial 
lighting  rate  and  a  low  power  rate  is  a  recognition  of  this 
feature  because  a  residence  will  show  a  shorter  daily  hour 
use  of  the  maximum  demand  with  a  maximum  load  coin- 
ciding with  the  station  peak  than  most  any  other  class 
of  consumers,  while  most  power  loads  will  be  at  the  op- 
posite extreme.  Even  very  small  companies  almost  al- 
ways adopt  this  practice.  Moreover,  some  large  com- 
panies maintain  that  the  class  system,  namely,  the  charg- 
ing of  a  certain  rate  for  each  class  of  consumers  consti- 
tutes the  best  way  for  a  central  station  to  dispose  of  its 
product.    While  on  the  average  this  system  may  in  some 
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cases  be  correct,  it  may  be  considerably  at  error  when 
applied  to  many  particular  customers. 

It  is  better  to  determine  the  demand  of  each  cus- 
tomer whose  consumption  justifies  the  expense  by  means 
of  a  permanent  maximum  demand  meter  connected  to 
his  load.  There  are  several  satisfactory  types  of  these 
meters  on  the  market  to-day. 

There  are  almost  as  many  forms  of  Demand  Rates 
as  there  are  companies  using  them.  However,  the  ob- 
jects of  all  are  the  same,  namely,  to  determine  the  charges 
for  service  to  a  customer  in  the  same  way  as  it  would  be 
determined  if  he  were  supplying  his  own  energy  by  means 
of  a  private  plant.  If  this  is  accomplished  satisfactorily, 
the  four  objects  mentioned  above  will  be  achieved  in 
practically  all  cases  where  Demand  Rates  are  used.  The 
exact  form  of  Demand  Schedules  best  suited  to  accom- 
plish this  is  an  open  question.  There  are  many  factors 
to  be  considered  besides  the  amount  of  the  demand  and 
energy  charges.  If  these  factors  are  not  determined  cor- 
rectly the  demand  system  will  fail  either  through  its  fail- 
ure to  produce  the  correct  amount  of  revenue  or  through 
the  objections  of  the  public  to  it. 

One  of  the  fundamental  and  most  important  require- 
ments of  any  schedule  is  the  ability  of  the  Central  Station 
to  determine  accurately  the  factors  that  govern  the  rates 
specified  in  the  schedule.  A  schedule  should  be  drawn  so 
that  the  necessary  data  on  a  particular  customer's  load  can 
be  obtained  by  some  practical  process  at  a  cost  repre- 
senting a  reasonable  percent  of  the  customer's  monthly 
bill.  A  schedule  which  does  not  fulfill  this  requirement 
will  be  a  troublemaker  for  all  concerned.  Thus  a  demand 
and  energy  schedule  applying  to  residence  and  simply 
specifying  a  demand  rate  of  a  certain  amount  with  cer- 
tain off  peak  clauses  regarding  the  use  of  small  motors, 
electric  irons,  etc.  and  a  certain  kilowatt  hour  rate  would 
be  worse  than  useless  because  there  is  no  way  for  a  cen- 
tral station  to  determine  these  factors  accurately  in  a 
given  case  at  anything  like  a  reasonable  percent  of  the 
customer's  monthly  bill.  Hence  this  kind  of  a  schedule 
would  only  result  in  some  customers  obeying  it  and  most 
others  violating  its  provisions,  thus  fostering  discrimina- 
tion and  breeding  discontent  among  all  concerned.  The 
same  principle  applies,  although  perhaps  not  quite  so  ap- 
parently to  other  classes  of  consumers  such  as  small 
stores,  small  power  connections,  etc.  On  the  other  hand 
a  schedule  like  the  above  when  applied  to  large  consum- 
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ers  might  be  very  satisfactory,  the  amount  of  the  monthly 
bill  being  sufficiently  large  to  justify  the  cost  of  determin- 
ing the  necessary  factors. 

Hence  it  is  evident  that  if  a  demand  schedule  is  used, 
it  should  be  protected  by  a  minimum  charge  clause,  of  a 
sufficient  amount  to  at  least  cover  the  cost  of  determin- 
ing accurately  the  necessary  billing  information.  More- 
over, it  is  evident  that  a  demand  rate  is  not  desirable  or 
cannot  be  applied  satisfactorily  to  all  classes  of  consum- 
ers. Hence  it  is  necessary  to  supplement  any  demand 
rates  a  company  may  have  by  certain  optional  rates, 
which  are  usually  lower  than  the  demand  rate  for  small 
customers.  These  usually  take  the  form  of  a  residence 
rate  and  an  optional  power  energy  rate.  The  demand 
question  is  usually  taken  into  consideration  in  these  rates 
indirectly.  Thus,  the  active  room  schedule  is  used  for 
lesidences  because  the  maximum  demand  of  the  resi- 
dences more  or  less  determines  the  net  rate.  The  optional 
power  rates  usually  carry  a  minimum  charge  based  upon 
the  connected  load.  Special  rates  for  the  development  of 
some  new  uses  for  electric  energy  are  also  sometimes  de- 
sirable. The  various  electric  cooking  rates  now  being  ex- 
perimented with,  by  various  central  stations  are  examples 
of  this.  There  is  no  scientific  reason  from  a  cost  stand- 
point for  a  central  station  having  these  schedules  if  it  has 
a  proper  demand  schedule.  However,  they  are  necessary 
for  the  development  of  certain  classes  of  business.  Their 
use  is  justified  upon  the  ground  that  a  central  station's 
production  cost  is  lowered  as  the  output  is  increased,  and 
the  load  factor  is  improved,  thereby  enabling  all  its  con- 
sumers to  ultimately  enjoy  a  lower  rate. 

One  of  the  greatest  disadvantages  of  Demand  Rates 
is  the  objection  of  the  public  to  them.  The  words,  "de- 
mand charge",  seem  to  have  an  irritating  effect  upon  cus- 
tomers when  mentioned  in  connection  with  electric  rates. 
Some  of  this  is  no  doubt  due  simply  to  the  nature  of  the 
words.  Moreover  the  word  "demand"  does  not  have  any 
meaning  to  the  average  consumer  when  used  in  connec- 
tion with  electric  rates,  nor  does  he  seem  to  be  able  to 
comprehend  the  nature  or  theory  of  the  demand  charge. 

Most  customers  cannot  understand  why  they  should 
pay  more  for  current  used  at  certain  hours  of  the  day  than 
at  other  times  or  why  they  should  pay  a  high  demand 
charge  some  month  when  they  have  actually  used  only  a 
small  amount  of  energy.  They  do  not  realize  that  prac- 
tically all  their  other  purchases  are  made  upon  exactly 
the  same  plan.    Thus  a  manufacturer  whose  output  for  a 
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given  month  was  below  normal  would  not  think  of  ask- 
ing his  landlord  to  reduce  his  rent  for  that  month.  Yet 
he  will  register  a  vigorous  kick  when  he  receives  a  power 
or  light  bill  containing  the  usual  demand  charge,  not- 
withstanding that  the  two  propositions  are  identical, 
namely,  the  rent  represents  interest,  depreciation  and 
profit  upon  the  buildings  and  the  demand  charges  repre- 
sent interest,  depreciation  and  profit  upon  the  central  sta- 
tion electrical  equipment. 

It  might  be  noted  in  conclusion  that  at  the  present 
date  electric  energy  supplied  by  public  service  corpora- 
tions is   the  only   important   commodity   whose   selling 
price  is  constantly  being  lowered.    This  fact  can  be  large- 
ly attributed  to  scientific  rate  making  which  is  respon- 
sible for  the  improved  load  factors  of  electric  systems  to- 
day.   The  greatest  opportunity  in  the  future  for  greater 
returns  to  electric  utility  stockholders,  lower  rates  to  the 
public,  and  the  universal  application  of  electric  energy 
for  all  purposes  for  which  it  is  suited  lies  in  the  art  of 
Rate  Making.     If  satisfactory  Demand  schedules  can  be 
devised  and  be  put  in  actual  use  the  above  opportunity  is 
sure  of  accomplishment. 
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INCREASING  THE  UTILITY  OF  EXISTING 
LOCOMOTIVES. 

By  E.  S.  Pearce,  '13. 

It  is  the  problem  of  the  present  day  railroad  execu- 
tives to  produce  at  a  decreasing  cost,  against  a  steady  in- 
crease in  material  and  labor  expense,  a  greater  number  of 
ton  miles  per  hour.  This  statement  applies  to  freight 
service  for  the  reason  of  its  being  the  greatest  source  of 
revenue.  A  comparison  between  the  two  principal  classes 
of  service  for  roads  having  an  operating  income  of  $100,000 
or  more  show  the  following: — 

AVERAGE   REVENUE   PER    MILE   OF    MAIN   TRACK 

1905  1915 

Freight    $6,147  $6,998 

Passenger    1,996  2,200 

Roughly,  the  freight  revenue  is  three  times  greater 
than  the  passenger  revenue  on  an  average  for  all  railroads 
in  the  United  States. 
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Fig.  1. 

Increasing  the  number  of  ton  miles  per  hour  has  been 
accomplished  by  enlarging  the  carrying  capacity  to  the 
cars ;  and,  by  more  efficient  operation,  the  number  of  miles 
per  day  per  car.  This  has  of  a  necessity  led  to  greater 
demand  for  larger  locomotives.  The  extent  and  rate  at 
which  the  carrying  capacity  of  freight  cars  and  the  pulling 
power  of  locomotives  has  increased  during  the  last  ten 
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CoiuoUdmted  Frt. 

SPECIFICATION 

Mikado 

220,000 

Total  Wt.  Engine 

281.600 

200,000 

Wt.  on  Drivers 

213,500 

47,000 

Tractive  Eflfort 

48,6tK) 

4.25 

Factor    of   Adhesion 

4.38 

23x32  In. 

Size  Cylinders 

25x32  in. 

200 

Boiler  Press. 

180  lbs. 

210 

Heating  Surface  F.  Box 

230  sq.  ft. 

3480.6 

Heating  Surface  Flues 

3864  sq.  ft. 

44e-2in. 

No.  and  Size  Flues 

265—2  ft. 

Heating  Surface  Sup.  Heat 

870  sq.  ft. 

3700.6 

♦  Heating   Surface   Equivalent 

5399  sq.  ft. 

108 

Fire  Box  Length 

108  in. 

75% 

Fire  Box  Width 

7514  In. 

56% 

Fire  Box  Area  (Grate) 

5614  sq.  ft. 

Stephenson 

Valve  Gear 

Walschaerts 

Win.  Piston 

Size  and  Type  Valve 

14  in.  Piston 

63  In. 

Dla.   Drivers 

03  In. 

Hand 

Reverse  Gear 

Hand 

4.25 

Wt.   on   Drivers-i-Tractive   Effort 

4.38 

787 

T.  E.XDla.   Drivers-^Equiv.   H.  S. 

568 

65.6 

Equlv.  H.  S.-^Grate  Area 

95.5 

5.67 

Fire  Box  H.  S.-^Equiv.   H.  S.  % 

4.26 

59.5 

Total  Wt.-7-Equlv  H.  S. 

52 

16.78 

Vol.  Both  Cyls. 

18.3  cu.  ft. 

234 

Equlv,  H.  S.^Vol.  Cyls. 

295 

3.58 

Grate  Area-i-Vol.  Cyls. 

3.08 

♦  Super  H.  S.Xl.5+Evap.  Surface 
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years  is  best  shown  by  Fig,  i.  Against  an  average  rise 
of  29%  in  the  carrying  capacity  of  freight  cars  there  has 
been  a  rise  of  37%  in  the  pulling  capacity  of  locomotives. 
In  view  of  these  facts  it  is  evident  that  obsolescence  must 
be  the  controlling  factor  in  the  retirement  of  existing  power 
built  ten  to  fifteen  years  ago  and  still  in  good  condition 
for  the  service  for  which  it  was  designed. 

Considerable  attention  has  been  paid  to  the  question 
of  modernizing  existing  power  by  the  railroads  for  the 
following  reasons: 

First — The  high  retirement  value  of  existing  equip- 
ment. 

Second — The  higher  cost  of  new  equipment  of  modem 
design,  due  to  the  conditions  of  the  labor  and  material 
market. 

Third — ^The  fact  that  certain  types  of  existing  power 
are  suitable  for  conversion  into  more  modem  and  efficient 
types,  or,  by  the  application  of  improved  devices,  are  made 
more  serviceable  under  present  operating  conditions. 
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Fig.  3. 

The  two  principal  types  of  engines  used  in  freight 
service  during  the  past  ten  years  have  been  the  Consoli- 
dated and  Mikado.  In  the  purchasing  of  new  power  the 
Consolidated  engines  are  being  gradually  displaced  by  en- 
gines of  the  Mikado  type.  It  is,  however,  in  the  moderiza- 
tion  of  existing  Consolidated  engines  or  their  conversion 
to  engmes  of  the  Mikado  type  that  the  greatest  amount  of 
work  has  been  done. 
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Consolidated  Frt. 

SPECIFICATION 

8   Wheel    Switch 

188,000  and  188.000 

Total  Wt.  Engine 

202,000 

170,000 

Wt.  on  Drivers 

202.000 

ti.000  and  43,300 

Tractive  Effort 

47,400 

Factor    of   Adhesion 

4.26 

22x30  In. 

Size  Cylinders 

23x301n. 

190  and   200 

Boiler    Press. 

200 

205 

Heating  Surface  F.  Box 

161 

2670 

Heating  Surface  Flues 

2110 

376-2  in. 

No.  and  Size  Flues 

173—2  In. 

None 

Heating  Surface  Sup.  Heat 

580 

2875 

•  Heating   Surface   Equivalent 

3141 

119^ 

Fire  Box  Length 

831^  in. 

41% 

Fire  Box  Width 

75^  in. 

34. 

Fire  Box  Area  (Grate) 

43.4  in. 

Stevenson 

Valve  Gear 

Walschaert 

Richardson  Balanced 

Size  and  Type  Valve 

12  in.   Piston 

57  in. 

Dia.   Drivers 

57  in 

Hand 

Reverse  Gear 

Ragonet   (Power) 

4.15  and  3.96 

Wt.    on   Drive^s-^Tractlve   Effort 

4.26 

815  and  857 

T.  E.XDia.   Drivers^Equlv.   H.  S. 

860 

84.5 

Equlv.  H.  S.-7-Grate  Area 

72 

7.68 

Fire  Box  H.  S.^Equiv.  H.  S.  % 

5.1 

63.7 

Wt.  Drlvers-T-t]quiv.  H.  S. 

64.3 

60.5 

Total  Wt.-^Equiv  H.  S. 

64.3 

13.2 

Vol.  Both  Cyls. 

14.4 

202 

Equiv.  H.  S.-^Vol.  Cyls. 

218.1 

2.58 

Grate  Area-r-Vol.  Cyls. 

3. 

•Super  H.  S.Xl.5+Evap.  Surface 
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An  example  of  the  conversion  of  a  Consolidated  engine 
to  a  Mikado  is  that  shown  by  Fig.  2.  The  advantages  gained 
from  the  standpoint  of  greater  hauling  capacity  may  be 
better  understocxi  by  an  analysis  of  Fig.  3,  the  Speed-Pull 
Curve  for  the  two  types  mentioned.  From  this  it  will  be 
noted  that  by  means  of  increased  weight  on  drivers,  greater 
heating  surface  and  the  application  of  the  superheater, 
the  starting  power  is  increased  5%  with  a  gradual  increase 
in  sustained  tractive  effort  to  50%  at  thirty-five  miles  per 
hour.  Without  such  extensive  changes  as  those  cited 
above,  the  application  of  Superheaters,  Brick  Arches  and 
the  Walschaert  or  other  outside  types  of  valve  gear  have 
greately  increasd  the  efficiency  of  existing  Consolidated 
engines.  In  the  conversion  of  the  Consolidated  engines 
to  Mikados  the  cost  of  locomotive  repairs  per  engine  mile 
has  been  reduced  15%  to  20%. 

The  increases  in  train  tonnage  accomplished  by  the 
introduction  of  cars  of  greater  capacity  and  more  cars 
per  train  enlarge  the  demand  on  terminal  yard  switching 
facilities,  which  resulted  in  the  design  of  switch  engines 
of  more  pulling  capacity  and  greater  rapidity  of  move- 
ment. As  the  Mikado  has  been  displacing  the  Consolidated 
engine  so  has  the  eight-wheel  switch  engine  been  displac- 
ing the  six-wheel  switchers. 

The  conversion  of  engines  of  the  Consolidated  type 
to  eight-wheel  switchers  is  more  easily  accomplished  than 
the  conversion  to  Mikados,  as  will  be  seen  from  Fig.  4, 
a  comparison  of  an  actual  conversion.  In  addition  to  in- 
creasing the  starting  power  by  enlarging  the  size  of  the 
boiler  and  cylinders,  plus  the  addition  of  the  superheater, 
the  quick  movement  of  the  engine  is  facilitated  by  the  use 
of  the  power  reverse  gear.  This  greatly  promotes  the 
ease  and  rapidity  with  which  the  engine  may  be  reversed  in 
short  switching  service. 

By  the  conversion  cited  above  a  new  engine  is  ob- 
tained for  approximately  60%  to  75%  of  the  cost  if  pur- 
chased as  such  from  the  builders  or  built  new  in  the  operat- 
ing companies'  own  shops.  It  is  possible  to  utilize  the 
frames,  wheels,  axles  and  other  parts  of  the  running  gear, 
except  valve  motion,  of  the  original  engine.  A  large  num- 
ber of  parts  are  interchangeable  with  those  on  other  classes 
of  power  in  service.  This  reduces  the  number  of  repair 
parts  necessary  to  be  kept  in  stock.  If  conversion  is  made 
at  the  time  the  original  engine  is  due  for  general  shop  re- 
pairs the  four  or  five  thousand  dollars  necessary  for  such 
repairs  can  be  applied  on  the  cost  of  conversion,  reducing 
the  cost  of  the  new  engine  by  that  amount. 
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METERS  FOR  MEASURING  GAS  AND  AIR 
VOLUMES. 

By  R.  S.  Shade,  '10. 

In  recent  years  decided  progress  has  been  made  in 
the  design  and  construction  of  apparatus  for  the  correct 
measurement  of  large  volumes  of  gas  and  air.  This  de- 
velopment has  been  due  to  the  increased  use  of  producer 
and  blast  furnace  gas  for  power  purposes  and  the  extensive 
use  of  natural  and  artificial  gas  for  heating  and  lighting. 
The  first  meters  used  measured  each  foot  of  gas  as  it 
passed  through  the  meter,  but  when  enormous  amounts  had 
to  be  measured,  this  method  proved  too  costly  because  of 
the  size  and  number  of  meters  needed.  Thus,  a  more 
efficient  and  less  expensive  type  of  meter  was  gradually  de- 
veloped. 

On  the  market  today  there  are  three  general  types  of 
meters  that  are  being  used  for  the  measurement  of  air  and 
gas:— 

1.  Proportional  meters. 

2.  Meters  whose  construction  is  based  upon  the  funda- 
mental principle  of  v=  V2  g  h.  This  class  includes  the 
Orifice,  Venturi  and  Rotary  meters  and  the  pitot  Tube. 

3.  Thomas  Electric  meter. 

PROPORTIONAL  METERS 

As  the  name  signifies,  the  proportional  meter  measures 
the  total  volume  of  gas  passed  by  accurately  measuring  a 
certain  proportion  of  the  same  by  means  of  a  domestic 
meter.  This  proportion  varies  from  0.5%  to  2%,  accord- 
ing to  the  size  of  the  meter.  There  are  three  makes  of  pro- 
portional meters  now  used,  namly,  the  Westinghouse,  West- 
cott  and  Wylie.  The  principle  upon  which  these  are  con- 
structed is  the  same  for  each,  the  only  difference  being  in 
he  mechanical  arrangement  of  the  parts. 

The  operations  can  be  best  understood  by  referring 
to  the  diagram  of  a  cross-section,  such  as  that  of  the  West- 
inghouse meter  shown  below. 

The  gas  in  order  to  pass  through  the  meter  must  raise 
the  main  valve  (i)  from  its  seat  (i-A).  In  doing  this, 
the  tally  valve  (7),  which  is  connected  by  a  valve  stem  to 
the  main  valve,,  is  also  raised  from  its  seat  (5).  The  tally 
valve  (7)  slides  up  and  down  in  the  valve  cage  (6),  which 
has  a  vertical  slot  in  it.  When  the  tally  valve  (7)  is  raised 
from  its  seat,  the  slot  is  opened  and  a  certain  amount  of 
gas  passes  from  the  lower  part  of  the  meter  through  the 
meter  inlet  (15)  and  up  through  the  tally  meter  (19),  and. 
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by  the  tally  meter  outlet  (14),  it  passes  thr^«i^^J-*J^,f,^*^;; 
the  valve  cage  (6),  through  the  tally  valve  outlet  (3),  on 
into  the  line  The  tally  meter  (19)  is  a  small  positive  meter 
measuring  each  foot  of  gas  that  passes  through  it,  but  by 
a  reduction  gear  arrangement  the  total  volume  of  gas  is 
recorded  on  the  dial.  This  type  of  meter  is  used  veiy  ex- 
tensively in  the  natural  gas  fields  because  of  the  fact  that 
it  will  accurately  measure  large  volumes  of  gas  and  can  De 
easily  transported  from  place  to  place. 

METERS  WHOSE  METHOD  OF  MEASUREMENT  IS  BASED  ON 
V=V2  g  h 

The  Orifice  meter  consists  of  a  calibrated  circular  disc 
or  orifice,  which  is  inserted  in  the  pipe  line  at  right  angles 
to  the  flow  of  the  gas.  The  gas  flowing  through  this  orifice 
creates  a  difference  an  pressure,  on  each  side  of  the  disc, 
which  differential  pressure  bears  a  constant  relation  to  the 
volume  of  gas  flowing.  From  the  basic  formula  v=V2  g  h 
a  final  formula  Q—CVPXH  is  divided  in  which       ^ 

Q=volume  of  gas  passed  during  a  stated  period  of 
time,  usually  fifteen  minutes. 

P=pressure  of  gas  in  pounds  absolute. 

H=differential  pressure  in  inches  of  water. 

C=the  gas  co-efficient,  which  is  the  amount  of  gas 
passed  through  the  orifice  during  a  stated  period  of  time, 
usually  fifteen  minutes,  and  i  lb.  absolute  pressure  and  60° 
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temperature  of  storage  flow,  and  at  an  average  differential 
pressure  of  one  inch  of  water. 

In  practice,  the  co-efficient  C  is  usually  first  determined 
for  air  and  then  calculated  for  the  gas  to  be  measured 
where  the  orifice  is  installed.  As  an  example,  suppose  that 
gas  of  0.6  specific  gravity  is  to  be  measured  on  an  8  oz. 
basis  co-efficient  for 

Gas^^Co-efficient  of  AirX  \ — ^X  , 


'o9m\M  srtremm ott  0¥rtxr ^tO€  of  Mtrtm. 

C     •    H'  nn  TAf  on  SADDU 
/)*£  -    H*  WlfttL  VALVE. 

r*c  •  s'  ftn  UNION. 

M     '    h'  TtST  CAVCt  CONNECTION 
K      -     /•  HfE  STANDARD  WITH  t'  flfE 

SADDLE  TO  ftT  LINE. 
L      -    W  TAT  rOM  fVTTINC  IN  MEKCVKY 


WESTCOTT  ORIFICE  METER  INSTALLATION  SKETCH. 


WESTCOTT  ORIFICE  METER 


The  above  sketch  shows  an  Orifice  meter  installation — 
the  orifice  disc  in  this  sketch  is  placed  within  the  large 
casting  designated  as  Westcott  Orifice  Meter.  C  is  the  pipe 
on  the  high  pressure  side  of  the  orifice  and  G  the  pipe  on 
the  low  pressure  side  of  the  orifice,  both  of  which  lead  to 
the  diflFerential  gauge  L.  C  is  usually  located  two  and  one- 
half  diameters  of  the  pipe  line  from  the  orifice  on  the 
upstream  side  of  the  flowing  gas.  G  is  located  eight  times 
the  diameter  of  the  pipe  line  from  the  orifice  on  the  down- 
stream side  of  the  flowing  gas.  Until  very  recently,  the 
one  great  disadvantage  of  the  orifice  meter  was  the  gauge 
used  in  measuring  the  diffierential  pressure.  This  was  so 
delicate  that  under  field  conditions  it  was  often  ruined  by 
an  inexperienced  man  in  manipulating  the  valves.  This 
trouble  now,  however,  seems  to  be  adequately  solved  by  the 
invention  of  the  mercury  float  type  of  differential  gauge. 
The  following  sketch  gives  a  cross  section  view  of  one  of 
these  gauges : 

It  will  be  noted  that  there  are  two  pressure  chambers, 
(A)  and  (B),  connected  by  (C).     In  this  way  the  pres- 
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sure  casing  forms  a  U  tube  and  the  liquid  employed  therein 
is  mercury.  In  the  pressure  casing  (A),  a  cylindrical  iron 
float  (D)  is  outlined  and  this  is  connected  rigidly  by  arms 
to  the  shaft  (F)  to  which  the  pen  arm  (G)  is  fastened. 
The  rise  and  fall  of  the  liquid  in  the  pressure  chamber 
(A),  therefore,  causes  the  float  and  pen-arm  to  move  about 
(F)  as  an  axis.  The  dynamic  or  high  static  pressure  is 
applied  to  the  surface  of  the  liquid  in  the  compartment  (B) 
through  the  pipe  (I)  and  the  low  static  pressure  is  applied 
to  the  surface  of  the  liquid  in  the  compartment  (A)  through 
the  pipe  (H).  The  difference  between  the  two  pressures 
acting  on  the  liquid  in  the  compartments  (A)  and  (B) 
will  produce  corresponding  differences  of  its  level  in  these 
compartments,  thus  causing  the  pen  to  record  the  diflferen- 
tial  pressure. 

VENTURI   METER 

When  air  or  gas  flows  through  a  pipe  in  which  there 
is  a  contraction,  a  difference  of  pressure  takes  place  be- 
tween the  point  of  contraction  or  throat  and  any  other 
point  on  the  regular  diameter  of  the  pipe.  This  diflference 
in  pressure  bears  a  constant  relation  to  the  volume  of  air 
or  gas  which  is  flowing.  This  is  the  principle  of  the  Ven- 
turi  meter. 

The  gas  or  air  measurement  is  accomplished  by  the 
action  of  the  pressure  in  the  pressure  pipes  upon  two  large 
copper  floats  whose  movements  are  transmitted  through 
a  series  of  gears  and  a  cam  to  the  dial  of  the  register.  This 
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meter  is  especially  adapted  to  places  where  its  installation 
will  be  more  or  less  permanent  and  where  it  can  be  looked 
after  by  a  competent  attendant. 

PITOT  TUBE 

The  Pitot  Tube  is  a  pipe  of  uniform  diameter  in  which 
there  are  inserted  two  tips,  one  of  which  is  placed  at  a  point 
in  the  pipe  diameter  where  the  average  velocity  of  the  flow- 
ing gas  is  to  be  foxmd.  This  velocity  head  is  transmitted 
through  the  pipe  tip  to  a  U  gauge,  where  it  is  shown  in  inches 
of  water.  The  static  pressure  of  the  gas  is  taken  by  a  pipe 
which  is  screwed  into  the  Pitot  Tube  at  right  angles  to  the 
flow  of  the  gas.  This  pipe,  however,  does  not  project  into 
flowing  gas.  With  the  velocity  head  being  known  and  the 
pipe  of  a  constant  diameter  the  formula  Q=-VPXH  is 
derived.  This,  it  will  be  noticed,  is  the  same  formula  as 
for  the  Orifice  meter.  One  of  the  chief  objections  to  the 
Pitot  Tube  is  that  an  observor  must  be  at  each  station  to 
take  the  readings  of  the  static  pressure  and  velocity  head 
at  intervals  of  not  more  than  fifteen  niinutes.  Where  the 
rate  of  flow  has  any  great  variation  there  must  be  a  number 
of  dififerent  sized  tu^  which  can  be  taken  out  or  put  into 
service  as  needed.  This  is  another  objection  to  this  method 
of  measurement. 

THE  ROTARY  METER 

This  meter  is  very  simple  in  design.  The  flowing  air 
or  gas  impinges  j^inst  the  vanes  of  a  turbine  wheel,  the 
revolutions  of  which  are  transmitted  by  a  series  of  gears 
to  a  recording  dial.  This  meter  is  now  coming  into  use  in 
the  natural  gas  fields. 

THOMAS  ELECTRIC  METER 

The  Thomas  Electric  meter  is  based  upon  the  fact  that 
for  a  given  gas  it  always  takes  almost  the  same  amount 
of  heat  to  increase  the  temperature  of  a  cubic  foot  through 
a  given  range.  With  this  fact  as  a  starting  point  an  ap- 
paratus was  designed  whereby  the  gas  pressure  through  the 
pipe  line  could  be  heated  electrically  to  a  certain  degree  of 
temperature.  Knowing  the  specific  heat  of  each  cubic  foot 
of  the  gas  and  the  amount  of  electricity  required  to  keep 
the  gas  at  a  certain  specified  temperature,  the  volume  pass- 
ing can  easily  be  determined.  This  meter  is  used  where 
lai^e  volumes  of  gas  are  flowing  and  where  electricity  is 
easily  obtained. 
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METHOD  OF  OBTAINING  THE  SPECIFIC  GRAVITY  OF  GAS 

Since  the  flow  of  gases  varies  inversely  as  the  scjuare 
root  of  the  density  or  specific  gravity  of  the  gas,  it  is  highly 
essential  that  the  density  be  known  for  any  gas  to  be  meas- 
ured. The  usual  means  of  determining  this  is  by  the  Bunsen 
effusion  method,  which  is  by  noting  the  rate  at  which  a  cer- 
tain volume  of  the  gas  passes  through  a  small  orifice.  The 
rate  at  which  a  like  volume  of  air  passes  through  the  orifice 
is  also  determined.  The  specific  gravities  of  the  gas  and  air 
are  then  in  inverse  ratio  to  the  squares  of  the  rates  of 
eflfusion. 

SUMMARY 

The  meters  described  in  this  article  are  used  for  the 
measurement  of  either  gas  or  air.  In  practice  these  meters 
are  tested  for  correctness  for  a  gas  of  0.6  specific  gravity. 
When  the  gravity  is  diflferent  from  this,  the  proportional 
Rotary  and  Venturi  meters  are  readjusted  to  measure  cor- 
rectly for  this  change  in  gravity.  The  Orifice  meter  simply 
has  its  co-efficient  changed  and  the  Thomas  Electric  meter 
the  specific  heat  of  the  gas. 

All  gas  that  is  measured  should  have  its  specific  gravity 
determined  at  regular  intervals  because  of  this  value  not 
always  being  constant  and  because  any  great  variation  in- 
volves a  considerable  amount  of  money.  The  Proportional 
and  Orifice  meters  are  principally  used  in  the  measurement 
of  natural  gas,  although  the  Rotary  meter  is  now  coming 
into  prominence  in  this  field.  The  Rotary  and  Venturi 
meters  are  the  ones  generally  chosen  for  the  measurement 
of  artificial  gas  because  of  the  conditions  under  which  it  is 
manufacture. 

In  conclusion  then,  the  method  of  measuring  a  gas 
depends  first  upon  the  kind  of  gas,  second,  its  volume,  and 
third,  the  conditions  under  which  the  measurement  is  to  be 
made. 
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CONSTRUCTION  WORK  IN  THE  PHILIPPINE 
ISLANDS. 

By  R.  J.  Buck,  '07. 

At  the  end  of  the  Spanish-American  War,  when  the 
United  States  came  into  possession  of  the  Philippine  Islands, 
the  government  of  these  islands  was  a  military  one  and  re- 
mained so  until  1904.  Considerable  improvements  were 
made  during  that  time  but,  due  to  the  unsettled  conditions, 
they  were  not,  as  a  whole,  of  a  permanent  nature.  In  1904 
the  government  was  transfered  from  the  military  authori- 
ties to  the  first  Philippine  Commission,  appointed  by  the 
late  President  McKinley.  The  policy  laid  down  by  this 
Commission  has  been  followed  to  the  present  time.  In 
carrying  out  this  policy,  the  Philippine  Commission  divided 
the  various  branches  of  government  into  "Bureaus";  such 
as  "The  Bureau  of  Health",  "The  Bureau  of  Lands",  "The 
Bureau  of  Public  works",  etc.  The  laws  made  by  the 
Commission  had  in  mind  the  conservation  of  the  country's 
resources,  the  education  of  the  people,  the  improving  of 
their  sanitary  conditions,  the  surveying  of  their  lands,  the 
improving  of  their  highways,  etc. 

The  Bureau  of  Public  Works  has  charge  of  all  con- 
struction work  in  the  Philippine  Islands  excepting  that 
done  by  the  military  authorities  and  the  City  of  Manila. 
It  is  organized  as  follows: — 

1.  Director  of  Public  works. 

2.  Consulting  Architect. 

3.  Chief  Designing  Engineer. 

4.  Supervising  Engineer,   Department  of   Mindanao 

and  Sulu. 

5.  Chief  Construction  Engineer. 

The  Director  of  Public  Works  has  charge  of  all  con- 
struction work  done  by  the  Civil  Government.  He  is  re- 
sponsible for  many  millions  of  dollars*  worth  of  work 
each  year.  He  has  as  his  assistants  a  "Consulting  Archi- 
tect", who  plans  all  buildings  erected  by  any  branch  of  the 
government ;  a  "Chief  Designing  Engineer",  who  designs 
all  bridges  constructed  in  any  part  of  the  islands  and 
checks  the  plans  of  the  Consulting  Architect  as  to  their 
structural  safety;  a  "Supervising  Engineer"  of  the  De- 
partment of  Minanao  and  Sulu,  which  is  the  section  of  the 
islands  inhabited  by  the  Moro  tribes  and  whose  laws  do 
not  come  under  the  jurisdiction  of  the  two  branches  of 
the  Philippine  Legislature ;  and  a  "Chief  Construction  Engi- 
neer", who  is  in  direct  charge  of  all  work  performed  in 
the  thirty-six  Christian  Provinces. 
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The  Chief  Construction  Engineer  has  as  his  assistants 
a  Superintendent  of  Artesian  Wells,  a  Highway  Engineer, 
a  Supervising  Engineer,  who  handles  special  problems,  and 
thirty-six  District  Engineers  (one  in  each  of  the  Christian 
Provinces). 

The  actual  construction  work  comes  under  the  direct 
charge  of  the  District  Engineer.  It  is  he  who  makes  all 
highway  locations,  bridge  site  surveys,  building  site  surveys, 
superintends  the  construction  of  all  highways,  bridges, 
buildings,  parks,  and  maintains  them  in  first-class  condi- 
tion. He  makes  all  estimates  for  this  work  and  submits 
them  to  the  proper  authorities  for  approval  and  securing 
of  funds.  After  this  approval  is  given  he  advertises  for 
bids.  If  satisfactory  bids  are  received,  a  contract  is  let 
for  the  work,  but  if  the  bids  are  above  the  estimate  made 
by  him,  the  work  is  done  by  administration. 

In  1908  the  First  Pilippine  Legislature  ordered  an  in- 
vestigation of  the  road  situation  to  form  an  estimate  of 
the  cost  of  building  a  road  system  which  would  be  adequate 
to  the  needs  of  the  country  at  that  time.  The  gathering 
of  this  data  was  performed  by  the  engineers  of  the  Bureau 
of  Public  Works.  The  report  estimated  that  the  cost  of 
the  system,  including  maintenance  during  a  construction 
period  of  seventeen  years,  would  be  $37,000,000.  The 
system  laid  out  has  been  practically  completed  after  the 
elapse  of  eight  years  at  an  expense  of  only  $18,000,000. 
This  money  has  been  paid  from  the  revenues  of  the  gov- 
ernment, and  the  roads,  excepting  a  few  instances,  are  free 
from  debt. 

There  is  in  use  today  in  the  islands  more  than  3,000 
kilometers  of  first-class  road,  more  than  2,000  kilometers 
of  second-class  road,  and  more  than  3,000  kilometers  of 
third-class  roads.  First-class  roads  are  well  graded  and 
surfaced,  drained  and  constantly  maintained.  Bridges  and 
culverts  are  usually  complete  and  permanent.  Second-class 
roads  are  fairly  well  graded,  practically  or  naturally  sur- 
faced and  maintained  at  intervals.  These  roads  are  gen- 
erally open  to  traffic  the  entire  year.  Third-class  roads  are 
all  other  roads  for  cart  traffic  not  included  in  the  first  or 
second-class  roads.  They  are  generally  impassable  during 
the  rainy  season. 

All  roads  are  relocated  to  correct  alignment  and  grade. 
Gravel  and  stone  roads  predominate  and  adequately  meet 
the  country's  needs.  The  authorities  do  not  have  to  con- 
tend with  freezing  and  thawing,  the  greatest  enemies  of 
good  roads.  As  soon  as  a  road  is  constructed  and  declared 
a  first-class  road  by  the  proper  authorities,  a  system  of 
maintenance  is  placed  in  effect.    This  system  is  known  as 
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the  "Caminero  System".  A  man,  called  a  Caminero,  is 
placed  in  charge  of  each  and  every  kilometer  of  road.  It 
is  his  duty  to  keep  all  refuse  off  the  road  each  day,  to 
keep  the  slopes  built  up,  the  ditches  clean,  the  grass  cut 
and  the  small  ruts  filled  with  material  of  which  the  road 
is  made.  In  case  the  repair  work  should  get  beyond  his 
control  a  gang  is  sent  to  his  assistance.  In  this  manner 
the  roads  are  kept  in  first-class  condition. 

.  All  bridges  constructed  in  the  islands  are  intended  to 
be  permanent.  They  are,  as  a  rule,  of  standard  design. 
Box  culverts  are  used  where  the  span  and  the  depth  of 
stream  vary  from  one  to  five  meters.  Above  five  meters 
slab  and  girder  bridges  on  piers  or  concrete  piles  are,  as  a 
rule,  constructed.  Usually  a  row  of  five  concrete  piles, 
eight  to  ten  meters  in  length,  are  driven  to  penetration  and, 
when  capped,  form  the  piers  for  the  slab  and  girders. 


View  No.  1.     Bridge  0.40  Fontevedra-LaCarlota   Road. 

This  bridge  is  of  slab  and  girder  on  concrete  pile  con- 
struction. Over  all  length  is  five  meters  consisting  of 
seven  spans  of  seven  meters  each  and  curved  wing  wall 
at  each  end  with  a  radius  of  two  meters.  Nine  meter 
piles  were  driven  to  penetration  and  capped,  which  formed 
the  piers  and  abutments  for  the  girders  and  slabs.  Filipino 
labor  was  used  entirely. 

The  definite  system  laid  out  for  years  in  advance  in- 
cluded many  large  bridges  of  which  this  is  an  example. 
Permanence  is  desired,  and  in  the  tropics  concrete  is  the 
answer. 

The  District  Engineer  also  has  charge  of  the  construc- 
tion of  all  school  buildings,  market  buildings  and  any  other 
buildings  which  the  government  should  deem  necessary 
and  which  lie  in  his  province.    The  school  buildings  are  of 
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standard  design.  A  unit  consists  of  one  room  seven  meters 
by  nine  meters.  The  buildings  run  from  from  one  to  twenty 
units,  depending  upon  the  section  in  which  they  are  built. 


View  No.   2.   8ome  streams   require  different   treatment  as   here  shown. 

Market  buildings,  usually  constructed  in  the  municipal 
centers,  are  reinforced  concrete  with  plain  concrete  floors 
and  galvanized  roofs  and  are  open  on  the  sides.  These 
buildings  are  built  from  standard  designs,  the  length  being 
the  only  difference. 

Various  other  improvements  are  being  made  at  all 
times,  such  as  docks,  wharves,  breakwaters,  artesian  wells, 
construction  and  maintenance  of  lighthouses,  water  works, 
parking  of  grounds  surrounding  government  buildings,  etc. 
This  work  is  all  handled  by  the  District  Engineer  in  the 
province  in  which  it  lies. 

In  conclusion,  the  success  of  the  organization  depends 
on  the  personnel  employed.  No  finer  body  of  men  can  be 
found  anywhere  to-day  than  the  employees  of  the  Bureau 
of  Public  Works.  They  have  worked  in  the  past  and  are 
working  to-day  as  with  one  mind  the  conserving  of  the 
resources  and  the  improvement  of  the  conditions  surround- 
ing the  Filipino  people.  The  American  people  have  sent 
them  there  for  a  purpose  and,  as  is  the  case  of  the  Amer- 
ican Engineer,  they  have  all  made  good. 
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THE  CONSTRUCTION  OF  LOCK  AND  DAM 
No.  34,  OHIO  RIVER. 

By  E.  A.  Smith,  '12. 

In  the  River  and  Harbor  Act,  approved  June  25,  1910, 
Congress  adopted  a  project  for  increasing  navigation  on 
the  entire  Ohio  River,  with  a  view  to  obtain  a  minimum 
navigable  depth  of  9  feet  throughout  the  year.  Originally 
the  project  included  the  construction  of  54  dams  and  locks, 
but  this  number  has  since  been  modified  to  53.  Lock  and 
dam  No.  40  may  be  dropped  from  the  project  by  raising 
the  dam  at  Louisville  (known  as  No.  41)  to  such  a  height 
that  it  will  cause  the  required  depth  at  No.  39,  which  is 
about  75  miles  further  upstream.  Of  the  54  locks  and  dams 
16  were  in  operation  in  January,  1916,  18  were  under  con- 
struction, and  19  had  not  yet  been  started.  The  act  pro- 
vides that  the  work  be  prosecuted  with  a  view  to  its  com- 
pletion within  a  period  of  12  years,  but  at  the  present  time 
the  progress  of  the  work  seems  to  show  that  it  will  take 
longer  to  complete  the  undertaking.  When  the  construc- 
tion of  a  lock  and  dam  is  to  be  done  by  contract,  it  has 
been  found  that  the  work  is  conducted  most  economically 
by  placing  it,  with  the  exception  of  certain  movable  parts, 
brick  power-house,  and  lock-keeper's  dwellings,  under  one 
general  contract,  which  generally  requires  from  4  to  5  years 
to  complete.  The  original  project  called  for  an  expendi- 
ture of  $63,731,488.00,  but  much  in  excess  of  this  amount 
will  be  required  due  to  changes  in  designs  and  the  in- 
creased cost  of  labor  and  materials. 

Considering  the  river  as  a  whole,  the  low  water  periods 
are  likely  to  occur  between  Julv  ist  and  December  ist; 
sometimes  as  early  as  April.  High  water  stages  may  al- 
most invariably  be  expected  in  December  to  continue  with 
occasional  moderate  stages  until  April  or  May.  Rather 
high  stages,  known  as  the  June  rise,  occur  in  June  or  early 
in  July.  The  fall  rise  begins  as  early  as  October  and  con-, 
tinues  for  the  remainder  of  the  season. 

When  proposals  were  advertised  for  the  construction 
of  Lock  and  Dam  No.  43,  no  bids  were  submitted  and  it 
was  decided  to  do  the  work  by  hired  labor.  The  United 
States  War  Department  Corps  of  Engineers  has  charge  of 
the  work,  as  well  as  all  other  Federd  improvements  upon 
the  Ohio  River.  No.  43  is  the  first  project  below  Louis- 
ville, and  is  a  distant  of  about  27  miles  from  that  city. 
West  Point,  Ky.,  is  the  nearest  settlement  and  is  about  4 
miles  upstream  from  the  site.  The  river  is  fairly  straight 
for  I  mile  below  and  4  miles  above  this  point,  and  the 
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banks  are  rather  high,  being  above  the  ordinary  high  water 
line,  although  a  flood  stage  of  50  feet  or  more  will  over- 
flow both  banks.  The  fact  that  on  the  Kentucky  side  the 
L.  H.  &  St.  L.  R.  R.  swings  in  to  the  river  bank  at  this 
point,  was  undoubtedly  a  determining  factor  in  the  selec- 
tion of  this  site  for  the  project.  Here,  the  Government 
purchased  about  5  acres  of  land  and  converted  it  into  a 
storage  yard.  Side  tracks  were  provided  and  a  ware-house 
Si'xioo'  was  built.  An  incline  track  on  an  approximate 
6%  grade  was  constructed  down  the  river  bank  to  the  low 
water  contour,  and  a  Mundy  single  drum  mine  hoisting 
engine  was  provided  for  hoisting  and  lowering  cars  up 
and  down  this  grade.  The  boiler  of  this  engine  also  fur- 
nished steam  for  operating  the  3  drum  Ledgerwood  hoist- 
ing engine  of  a  6  ton  stiff-leg  derrick  at  the  head  of  the  in- 


Fig.  1. 

cline.  A  traveling  derrick  was  erected  upon  a  set  of  40 
ton  track-laying  car  trucks  for  handling  the  materials 
about  the  yard  which  were  beyond  the  reach  of  the  sta- 
tionary derrick.  Thus  cars  of  materials  could  be  either 
lowered  down  to  the  river  and  there  be  unloaded  directly 
on  to  barges,  or  the  contents  could  be  unloaded  and  stored 
in  the  storage  yard  or  storehouse. 

The  greater  part  of  the  construction  work  is  on  or 
adjacent  to  the  Indiana  shore.  The  lock  as  well  as  the 
steam  power  house  and  4  lock-keeper's  dwellings  are  located 
on  this  side.  Therefore,  it  was  decided  to  build  the  con- 
struction camp  on  this  side  of  the  river. 
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On  May  5,  1914,  a  tow,  made  up  of  floating  plant  and 
equipment  arrived  at  the  site.  On  the  following  day  work 
was  begun  clearing  off  the  ground  and  unloading  materials 
from  barges  for  the  construction  camp.  The  camp 
(Fig.  i)  is  located  about  250  feet  back  from  the  river 
bank  on  a  ridge  gently  sloping  to  and  from  the  river,  so 
that  the  drainage  is  excellent.  The  government  rents  the 
houses  erected  by  it  to  the  employees  at  reasonable  rates 
and  maintains  sanitary  conditions  in  the  camp. 

The  construction  work  consists  of  the  erecting  of  a 
lock  no  feet  wide  by  600  feet  between  gates,  upper  and 
lower  guide  walls,  navigable  pass  extending  from  the  river 
wall  800  feet  into  the  stream,  540  feet  of  bebout  weir,  3 
piers  91  feet  to  bear  trap  dam,  279  feet  of  fixed  weir, 
and  an  abutment  on  the  Kentucky  side. 


Fig.  2. 

The  lock  coffer  dam,  2280  feet  long,  incloses  the  entire 
lock  and  lower  guide  wall,  an  area  of  about  13  acres.  It 
is  the  ordinary  Ohio  River  box  type  coffer,  20  feet  wide, 
to  top  being  18  feet  above  mean  low  water.  Fig  2  illus- 
trates the  method  of  construction.  The  skeleton,  consist- 
ing of  tie  rods  and  vertical  2"xi2"  plank  spaced  6  feet 
horizontally,  was  first  erected  on  a  barge.  It  was  then 
lifted  by  a  derrick  boat,  the  barge  moved  ahead  and  the 
skeleton  dropped  into  place  in  the  river.  One  bent  was 
always  left  on  the  barge  to  facilitate  construction.  Follow- 
ing the  erection  gang  was  a  sheathing  gang  which  drove 
vertical  sheathing  and  nailed  i"x3"  batten  strips  over  the 
cracks.  Floating  pile  drivers  drove  25  foot  W.  S.  steel 
sheet  piles  entirely  around  the  outside  of  the  coffer.  The 
space  between  the  top  of  this  row  of  piling  and  the  coffer 
damn  was  then  filled  with  concrete  about  4  inches  thick. 
The  inside  of  the  coffer  was  then  filled  and  the  outside 
banked  by  derrick  boats  and  hydraulic  dredges.     Part  of 
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the  excavation  from  the  lock  was  used  to  fill  and  bank  the 
coflFer,  the  balance  being  dumped  into  the  river. 

Much  difficulty  was  experienced  in  getting  the  piling 
down  to  the  proper  penetration  of  30  feet.  At  a  depth 
varying  from  15  to  20  feet  a  layer  of  cemented  sand  and 
gravel  gave  trouble. 

For  mixing  concrete,  a  mixing  plant  was  installed  upon 
the  lower  end  of  the  coffer  dam.  It  consisted  of  2,  ij/^ 
yd.  Smith  mixers,  above  which  were  measuring  hoppers 
fed  by  a  sand  and  gravel  bin.  Two  ten  ton  capacity  stiff 
leg  derricks  unloaded  the  sand  and  gravel  from  barges 
into  the  bin,  and  also  unloaded  cement  from  a  cement 
barge.  A  dredge  with  screens  for  washing  and  separating 
the  sand  and  gravel  furnished  these  materials.  The  mixed 
concrete  was  dumped  into  Lockwood  automatic  dump 
buckets  on  flat  cars,  which  were  transported  by  7J4  ton, 
36"  gage  Vulcan  locomotives.  Two  15  ton  capacity  Link 
Belt  locomotive  cranes  dumped  the  buckets  of  concrete 
into  place  in  the  walls.  The  use  of  dump  cars  for  placing 
the  concrete  in  the  lock  floor  was  the  more  speedy  method 
as  it  obviated  the  handling  of  the  cranes.  A  maximum  of 
about  500  yards  of  concrete  was  placed  in  an  8-hour  shift. 

The  permanent  construction  inside  the  lock  coflFer 
dam  was  completed  in  September,  1916,  and  the  construc- 
tion of  the  coffer  immediately  began  by  inclosing  the  500 


Fig.  3. 
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feet  of  navigable  pass  adjoining  the  river  wall.  This  cof- 
fer was  similar  to  the  lock  coffer  dam  with  the  exception 
that  the  steel  sheet  piles  were  omitted.  Fig.  3  is  a  view 
taken  from  the  Indiana  bank  during  the  construction  of  the 
navigable  pass  coffer  dam.  In  the  immediate  fore  ground 
is  the  land  wall,  beyond  is  the  river  wall.  Beyond  this  and 
running  parallel  with  the  walls  is  the  lock  coffer,  not  yet 
removed.  Still  beyond  this  is  the  navigable  pass  coffer. 
Note  the  lower  gate  recess  in  the  land  wall,  and  the  square 
opening  in  the  river  wall  not  entirely  covered  by  water. 
Seventeen  of  these  openings  are  for  the  purpose  of  admit- 
ting water  into  the  lock  and  bringing  the  surface  inside 
to  the  upper  pool  level.  The  other  seventeen  openings, 
seen  in  the  picture,  are  for  the  purpose  of  bringing  the 
water  surface  in  the  lock  to  lower  pool  level. 

The  excavation  was  done  with  three  derrick  boats  and 
a  dipper  dredge.  Much  of  the  material  was  handled  twice 
in  order  to  use  it  as  banking  and  fill  in  the  coffer,  very  little 
of  it  being  scowed  outside. 


Fig.  4. 

The  crib,  20  feet  wide  by  16J/2  feet  deep,  was  con- 
structed in  the  wet  before  the  excavation  was  completed 
and  the  coffer  dam  closed.  After  closing  the  coffer,  the  crib 
was  floated  into  place  and  allowed  to  settle  as  the  water 
was  pumped  down.  The  crib  was  filled  with  rock  by  the 
derrick  boat.  Fig.  4,  which  transmits  the  rock  across  from 
the  coffer  dam  where  they  were  unloaded  from  barges  by 
the  derrick  boats.     Dinky   locomotives   operating   on   the 
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crib  also  assisted  in  the  filling.     A  solid  hardwood  deck 
was  drifted  onto  the  crib  after  filling  was  completed. 

Thirty  feet  round  piles,  6  ft.  centers,  were  driven  for 
a  foundation,  and  40  foot  steel  sheet  piles  were  used  along 
the  upstream  side  of  the  concrete  to  prevent  the  water 
from  undermining  the  foundation,  both  sheet  and  round 
piling  being  sunk  with  skid  drivers.  Excellent  records 
were  made  in  driving  both  kinds  of  piling — 32  to  36  round 
piles  for  one  driver  for  an  8-hour  shift  was  the  standard, 
while  a  maximum  of  32  steel  sheet  piles  were  driven  in 
an  8-hr.  shift  by  the  vulcan  hammer. 

All  work  was  completed  inside  this  coffer  dam,  except 
the  placing  of  the  rip  rop  below  the  crib,  when  high  water 
made  it  necessary  to  move  the  plant,  December  19,  1916. 
The  rip  rop,  60  ft.  wide,  is  being  placed  by  derrick  boats 
during  the  winter  season. 

The  work  during  the  coming  season  will  be  to  com- 
plete the  construction  of  the  dam  across  the  river.  Two 
coffer  dams  will  be  necessary,  each  enclosing  about  600  ft. 
The  abutment,  164  feet  of  fixed  weir,  and  one  pier  was 
completed  in  September  of  last  season. 

The  plant  in  use  may  be  classed  under  two  heads; 
namely,  "floating  plant"  and  "land  plant."  The  floating 
plant  consists  of :  i  steam  boat,  2  gasoline  launches,  i  pump 
boat,  2  15-ton  capacity  derrick  boats,  i  sawmill  boat,  3 
quarter  boats,  3  floating  pile  drivers,  i  machine  shop  boat, 
2  12"  hydraulic  dredges,  8  steel  barges,  2  flat  boats  for 
erecting  coffer  skeletons,  2  anchor  floats,  28  pontoons  for 
supporting  pipe  line,  and  6  skiffs.  Besides  these,  other 
pieces  of  plant,  such  as  dipper  dredges,  bucket  dredges, 
maneuver  boats,  steam  boat,  etc.,  have  been  borrowed  or 
rented  for  use  at  various  times. 

The  land  plant  consists  of  2  15-ton  capacity  locomo- 
tive cranes,  3  7j4-ton,  36"  gage  locomotives,  flat  cars, 
dump  cars,  2  i^-yd.  capacity  concrete  mixers,  i  ^-yd. 
capacity  concrete  mixer,  power  house,  derricks,  skid  pole 
drivers,  etc. 

When  operating  full  force  a  total  of  about  500  men  make 
up  the  two  shifts,  employed  in  both  camp  and  construction. 
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MAKING  A  PROFIT  FROM  EXHAUST  STEAM. 

By  J.  C.  Lewis,  '09. 

The  use  of  exhaust  steam  for  heating  purposes  is  cer- 
tainly an  economy.  Only  recently  South  Whitley,  Ind., 
reduced  taxes  by  making  a  change  in  the  heating  system 
of  its  school  house.  The  gravity  furnace  heating  system 
in  the  eight-room  school  building  having  become  inefficient 
and  practically  inoperative,  it  was  decided  by  the  School 
Board  to  remove  the  furnaces  and  install  an  up-to-date 
steam  heating  system,  consisting  of  a  motor-driven  blast 
fan  in  the  basement  furnishing  tempyered  air  to  all  the 
rooms  in  sufficient  quantities  to  meet  the  requirements  of 
the  Indiana  State  Board  of  Health,  together  with  sufficient 
direct  radiation  in  each  room  to  take  care  of  wall  and  glass 
exposure. 

The  Town  Power  Plant,  located  only  a  short  distance 
from  the  school,  on  another  street,  had  for  years  allowed 
its  exhaust  steam  from  the  150  H.  P.  and  75  H.  P.  en- 
gines to  waste  into  atmosphere.  Here  was,  ready  made, 
an  opportunity  to  make  us  of  this  exhaust  steam  in  heating 
the  school,  with  a  possible  saving  to  the  taxpayer  of  at 
least  an  amount  equal  to  that  previously  spent  for  coal  in 
firing  the  school  furnaces. 

The  Town  Trustees,  realizing  this  condition,  made 
the  following  proposition  to  the  School  Board:  i.  e.,  that 
they  (the  Town)  would  pay  for  all  necessary  changes  in 
connection  with  the  power  plant  and  pipe  the  steam  up  to 
within  the  building  wall  of  the  school,  in  return  for  which 
the  School  Board  was  to  guarantee  to  install  a  vacuum  sys- 
tem of  heating  in  the  school  and  pay  to  the  Town  an  annual 
sum  of  money  equivalent  to  the  amount  of  their  previous 
average  annual  coal  bill.  This  the  School  Board  was  en- 
tirely willing  to  do,  realizing  that  it  was  being  saved  the 
cost  of  two  large  boilers,  piping  and  valves  around  the 
same,  the  space  in  the  basement  occupied  by  the  boilers 
and  coal  room,  the  dirt  and  noise  incidental  to  firing,  and 
the  labor  of  their  janitor. 

Accordingly  plans  and  specifications  were  prepared  and 
two  separate  bids  were  taken,  one  by  the  School  Board  and 
one  by  the  Town  Trustees.  Only  the  work  inside  the  school 
was  let  to  a  heating  contractor,  as  several  of  the  Town 
Trustees  were  practical  men,  entirely  capable  of  buying 
the  material  and  letting  sub-contracts  for  their  portion  of 
the  work,  which  was  accordingly  handled  in  this  manner. 
The  work  was  started  in  August  of  1916  and  so  well  did 
the  two  branches  of  work  co-ordinate  that  by  the  last  of 
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the  yejtr  the  contracts  were  completed  and  the  school  had 
been  successfully  heated  with  steam  from  the  power  house 
throughout  all  of  the  cold  weather  without  disturbing  the 
school  routine. 

In  the  school  house  the  furnaces  were  torn  out,  new 
brick  heat  and  vent  flues  installed  where  necessary  in  order 
to  conform  with  the  State  Code,  and  the  vents  capped 
above  the  roof  with  Ventilators.  Thirty-six  radiators  con- 
taining approximately  1,900  sq.  ft.  were  installed  in  class 
rooms,  cloak  rooms,  and  corridors.  In  the  basement  was 
installed  a  36''  multiblade  centrifugal  fan,  belt  driven  by  a 
five-horse-power  motor.  Galvanized  ducts  suspended  from 
the  basement  ceiling  conduct  the  air  from  the  fan  discharge 
to  the  various  warm  air  vertical  flues. 

The  fresh  air  is  drawn  in  through  screened  openings 
from  the  outside,  and  warmed  before  entering  the  fan  by 
passing  through  two  stacks  of  cast  iron  Vento  sections  at 
a  velocity  of  1,000  ft.  per  minute.  Sufficient  space  was 
left  between  the  two  stacks  so  that  an  air  washer  may  be 
installed  at  some  later  date.  There  are  1,120  sq.  ft.  in 
the  two  stacks  of  Vento  sections.  The  temperature  of  the 
air  leaving  the  fan  outlet  is  automatically  controlled  by 
means  of  air  operated  diaphragm  valves  placed  in  the 
steam  connections  to  the  Vento  sections.  A  small  air  com- 
pressor is  belted  to  the  fan  shaft. 

Thermostatic  vacuum  traps  with  metal  diaphragms  are 
connected  to  the  return  end  of  each  unit  of  radiation  and 
blast  sections  at  ends  of  mains,  and  all  low  points  in  mains, 
and  a  vacuum  return  main  carried  on  basement  ceiling  to 
the  point  where  the  trench  enters  the  building. 

The  Town  Trustees  installed  a  24-inch  square  concrete 
trench,  700  feet  long,  in  the  alleys  between  the  school  and 
power  house,  carr^^ing  both  the  supply  and  return  mains 
parallel  in  the  trench,  and  giving  the  supply  main  a  pitch 
of  one  inch  in  ten  feet  back  toward  the  power  house.  The 
top  of  the  trench  was  covered  closely  with  wooden  slats, 
over  which  was  poured  three  inches  of  concrete.  Only 
two  manholes  were  used,  and  the  drip  traps  and  expan- 
sion joints  located  therein.  Five  service  tees  were  placed 
in  the  lines  for  easy  future  connection  to  adjacent  resi- 
dences. The  supply  main  is  covered  with  asbestocel, 
painted  with  black  asphaltum.  Both  supply  and  return 
mains  are  supported  on  rollers. 

It  might  be  interesting  to  note  that  for  the  8"  and  6" 
supply,  and  the  3"  and  2  1/2"  return  pi|>e,  the  average 
cost  of  pipe  and  fittings,  delivered,  was  $1.18  per  lineal 
foot  of  trench;  the  cost  of  covering,  delivered,  was  60c; 
the   cost   of   trench,   including   manholes,    roller   supports, 
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excavating  and  back-filling,  was  $1.75  per  lineal  foot;  and 
the  cost  of  the  trench,  with  pipe  installed  complete,  was 
about  $4.00  per  lineal  foot,  including  all  labor,  expansion 
joints,  traps,  etc. 

The  work  in  the  power  house  consisted  in  making 
some  changes  in  the  piping  arrangement  around  the  feed 
water  heater,  so  that  the  6"  and  4  1/2"  engine  exhaust  and 
the  4"  water  pump  exhuast  can  be  either  exhausted  into 
atmosphere  or  thrown  into  the  new  8"  heating  main  run 
across  the  ceiling  of  the  power  house  and  connected  to  the 
main  in  the  trench.  An  oil  separator  was  placed  in  the 
heating  main  and  a  by-pass  connection  made  from  the  high 
pressure  main  through  a  pressure  reducing  valve  into  the 
heating  main. 

A  back  pressure  valve  was  set  in,  the  exhaust  line  to 
atmosphere  and  the  top  of  this  line  capped  with  a  cast  iron 
exhaust  head. 

The  vacuum  pump  installed  lifts  the  water  of  con- 
densation a  height  of  seven  feet  from  the  low  point  of 
the  vacuum  return  main  where  it  enters  the  pit  in  one  comer 
of  the  power  house  and  discharges  the  condensation  through 
an  air  separating  pipe  loop  into  the  top  of  the  feed  water 
heater. 

The  cost  of  all  the  above  apparatus  in  the  power  house 
was  about  $1,000  installed,  making  a  total  investment  for 
the  Town  of  approximately  $4,000. 

The  supply  and  return  mains  in  the  trench,  and  the 
apparatus  in  the  power  house  are  of  sufficient  size  so  that, 
besides  heating  the  school,  an  additional  load  of  10,000 
sq.  ft.  of  radiation  may  be  carried,  or  about  30  residences 
averaging  350  sq.  ft.  each.  Estimating  roughly  that  this 
10,000  sq.  ft.  would  condense  5,000,000  pounds  of  steam 
per  season,  a  charge  of  50c  per  thousand  pounds  to  the 
consumer  would  bring  a  revenue  to  the  city  of  $2,500  per 
season. 

Add  to  this  the  very  nominal  sum  of  $300.00  per  season 
charged  for  heating  the  school  and  we  have  a  total  pos- 
sible gross  income  of  $2,800.00.  With  the  present  invest- 
ment of  $4,000.00  and  a  future  roughly  estimated  sum  of 
$3,000.00  spent  for  making  service  connections  to  30  resi- 
dences, the  Town  will  have  invested  $7,000.00  total  for  the 
exhaust  steam  heating  system.  Interest  and  depreciation 
at  10%,  placing  the  life  of  the  new  apparatus  at  only  10 
years,  would  amount  to  $700.00  per  year.  No  other  items 
of  expense  need  be  considered  in  connection  with  the  im- 
provements, as  no  additional  labor  is  involved  in  operation. 
The  net  income,  then,  would  be  $2,100.00  per  year,  or  a 
profit  of  300%  on  the  investment. 
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FLOOD  PROTECTION  AND  PREVENTION  IN 
LOS  ANGELES  COUNTY. 

By  H.  M.  LuKENs,  '12. 

The  streams  of  Southern  California  are  peculiar  and 
have  characteristics  distinctly  different  from  those  of  the 
humid  portions  of  the  United  States. 

The  mountains  in  which  practically  all  of  the  streams 
have  their  sources  are  precipitous  and  so  far  as  forests  are 
concerned,  quite  bare.  They  are,  in  great  part,  of  granite 
formation  and  from  a  geologic  standpoint,  new.  The  crest 
of  the  Coast  Range,  with  elevations  ranging  from  5,000  to 
10,000  feet,  lies  but  50  miles  inland  from  the  coast 
of  the  Pacific  Ocean.  The  steep  slopes  of  the  mountains 
are  cut  by  the  rims  of  the  valleys  at  the  very  general  ele- 
vation of  750  feet.  For  several  miles  from  the  foot  of 
these  slopes  the  grades  of  the  detrital  cones  drop  quite 
rapidly  until  the  much  flatter  floor  of  the  Coastal  Plam  is 
reached.  Down  sharp  gradients  of  from  200  to  1,000  feet 
per  mile  these  streams  suddenly  debauch  from  their  canyons 
upon  the  gentler  grades  and  begin  to  drop  the  heaviest  por- 
tions of  their  loads  which  they  have  been  gathering  up  on 
their  descent.  The  smaller  portions  are  deposited  farther 
and  father  from  the  mouth  of  the  canyon.*  Thus  it 
may  be  seen  how  these  cones  of  detritus  are  slowly  built  up 
as  the  mountains  disintqg^rate,  and  how  they  spread  out, 
sometimes  for  several  miles,  in  a  fan-like  shape  with  the 
highest  point  at  the  canyon  mouth  as  though  a  monstrous 
cone  were  placed  there  and  partly  buried.  Since  the  stream 
flows  on  the  highest  part  of  the  cone,  it  is  likely  to  overflow 
and  change  its  course  to  any  part  of  the  cone  in  time  of 
high  water.  Passing  over  the  cones  the  streams  experience 
another  change  in  grade  and  drop  the  finer  materials  in 
suspension,  forming  the  fertile  valleys  of  the  Coastal  Plain. 

In  the  Coastal  Plain,  or  valleys,  the  streams  take  on 
diflFerent  characteristics.  Here  their  velocities  are  much 
lower  and  in  time  of  flood  they  will  not  confine  themselves 
to  a  definite  channel.  The  rivers  spread  over  vast  areas 
and  in  some  localities  deposit  depths  of  sand  and  silt,  caus- 
ing the  abandonment  of  many  acres  of  land. 

A  stream  has  two  methods  of  altering  its  course.  The 
first  consists  in  a  gradual  shifting  of  its  position,  one  bank 
being  eroded  while  silt  is  being  deposited  at  the  other.    This 

*The  transporting  power  of  these  mountain  streams  is  enormous. 
The  writer  has  seen  boulders  more  than  10  tons  in  weight,  a  distance  of 
two  miles  ormore  from  the  mouth  of  the  canyon.  In  one  canyon  is  a 
boulder  as  large  as  an  average  sized  bungalow,  which  is  moved  100 
feet  or  so  downstream  at  each  high  water. 
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kind  of  change  is  generally  termed  "Erosion."  The  second 
change  consists  in  the  scouring  out  of.  a  new  channel  or 
the  enlargement  of  a  small  one.  Such  a  change  is  known  as 
"Avulsion."  Here  in  this  locality,  while  erosion  is  con- 
tinually taking  place,  the  greatest  and  most  frequent  changes 
in  the  courses  of  the  streams  occur  by  the  latter  method, 
always,  of  course,  during  high  water.  A  river  may  make 
for  itself  in  this  way  a  new  channel,  flowing  peacefully 
through  it  for  several  years  and  then  suddenly  return  to 
its  old  bed  or  a  new  one.  As  an  instance  of  the  instability 
of  the  Los  Angeles  River,  which  changes  more  frequently 
than  the  others,  is  mentioned  the  construction  of  a  two 
span  truss  bridge  by  the  S.  P.  Ry.  Co.  across  said  river 
during  the  stunmer  of  1889.  That  same  winter  a  mo- 
mentous flood  occurred  and  the  river  formed  a  new  channel 
two  miles  from  its  old  one.  The  bridge  was  left  there  in 
the  hope  that  the  river  might  some  day  again  return  home. 
Beginning  at  the  City  of  Los  Angeles  and  continuing 
south  to  San  Pedro  Bay  is  a  stratum  of  water-bearing 
gravel  varying  from  one  mile  to  two  and  a  half  miles  in 
width  underneath  strata  of  clay  and  sand.  Logs  of  the 
various  wells  that  have  been  dug  in  this  region  show  that 
this  stratum  has  its  source  at  an  elevation  of  about  200 
feet  above  the  sea  and  gradually  lowers  to  a  depth  of  about 
125  feet  below  sea  level  at  the  shore  line,  continuing  out  into 
the  ocean.  It  has  been  ventured  that  were  it  not  for  this 
layer  of  clay  and  sand  holding  the  water  down,  the  lower 
Los  Angeles  valley  would  be  a  swamp,  and  this  is  probably 
true,  since  the  head  of  water  is  sufficient  to  produce  ar- 
tesian wells  in  this  vicinity.  In  this  lower  section  there  are 
daily  fluctuations  in  the  height  of  water  in  these  wells,  due 
to  the  difference  in  elevation  between  high  and  low  tides. 
In  the  wells  near  the  shore  this  daily  tide  effect  is  about  three 
feet.  At  Bangle  Station,  a  distance  of  four  and  a  half 
miles  north  of  the  ocean,  is  a  well  the  elevation  of  whose 
water  surface  is  about  17  feet,  in  which  the  twice 
daily  rise  and  fall  is  from  one  to  one  and  a 
half  feet.  Some  slight  tidal  effect  is  said  to  be 
noticeable  in  wells  at  Compton,  10  miles  inland, 
where  they  are  drilled  into  this  stratum.  The  elevation  of 
the  water  surface  here  is  about  75  feet  above  mean  sea  level. 
Alkai,  which  is  present  in  the  surface  wells,  does  not  ap- 
pear in  these  artesian  wells.  These  conditions  produce  al- 
most conclusive  evidence  that  there  is  no  relation  between 
the  surface  flood  waters  or  any  other  surface  waters  and 
the  water  in  this  gravel  stratum. 
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RAINFALL 

The  average  yearly  rainfall  in  Southern  California 
is  about  IS  inches,  increasing  in  intensity  with  elevation  as 
the  crest  of  the  Coast  Range  is  reached.  Practically  all  of 
it  falls  in  the  months  of  January,  February  and  March,  with 
occasional  rains  in  October,  November,  December,  April 
and  May.  Large  quantities  of  rain  fall  in  the  space  of  a 
few  hours  and  sometimes  a  storm  continues  for  several 
days,  the  rain  falling  spasmodically  and  varying  in  inten- 
sity. After  the  soil  is  saturated,  the  run-oflF  is  rapid,  due 
to  the  precipitous  character  of  the  mountains  and  the  im- 
provement of  the  country. 

MAGNITUDE   AND   RECURRENCE   OF   FLOODS. 

The  frequency  of  destructive  floods  must  be  considered 
as.  well  as  their  magnitude.  In  the  case  of  Daneri  vs.  The 
Southern  California  Ry.  Co.,  1897,  there  was  corroborated 
testimony  given  to  the  effect  that  there  were  heavy  floods 
in  the  Los  Angeles  River  in  the  years  1825,  33,  62,  67,  84, 
86,  and  89.  The  flood  of  1889  was  conceded  to  be  the 
heaviest.  The  records  of  the  U.  S.  Weather  Bureau,  estab- 
lished in  1878,  give  dates  of  serious  floods  as  1879,  87,  89, 
90,  91,  1905,  06,  09,  II,  and  1914.  Allowing  for  floods 
which  might  not  have  been  recalled  from  the  early  days — ■ 
some  old  residents  who  were  not  witnesses  at  the  above 
mentioned  trial  remember  destructive  floods  in  1842,  52, 
and  74 — it  would  not  be  unreasonable  to  expect  two  floods 
in  seven  years.  Yet  there  have  been  several  heavy  floods 
in  one  rainy  season,  and  floods  in  two  successive  years  would 
not  be  unprecedented. 

FLOOD  DAMAGE 

The  actual  damage  to  property  alone  during  the  flood 
of  1914  was  estimated  at  ten  million  dollars.  As  the  coun- 
try becomes  more  densely  populated,  the  damage  will  in- 
crease proportionately.  The  Los  Angeles  and  Long  Beach 
Harbors  are  subject  to  the  deposit  of  silt  with  each  high 
water  from  the  Los  Angeles  River.  During  the  flood  of 
1914  more  than  4,000,000  cubic  yards  of  silt  were  deposited 
there,  causing  injury  to  the  harbors  and  delay  to  commerce. 

FLOOD  PROTECTION  IN  THE  PAST 

Flood  protection  in  the  past  has  been  largely  a  matter 
of  individual  effort  on  the  part  of  the  party  affected.  It 
has  consisted  almost  entirely  in  straightening  and  attempt- 
ing to  confine  the  stream  to  a  channel.  Several  methods 
were  used  to  accomplish  this,  such  as  wire  fences  backed 
with  brush  and  rocks,  levees  of  earth  and  gravel,  heavy 
plank  fences  and  willows,  bamboo,  etc. 
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In  191 1  the  San  Antonio  Protection  District  was 
formed  to  protect  a  section  of  the  San  Gabriel  River  which 
was  particularly  menaced  by  the  high  waters  of  1910-11. 
The  work  was  finished  in  1912  at  a  total  cost  of  $137,000. 
It  consisted  in  the  main  of  wing  piling  faced  with  barbed 
wire  and  driven  along  the  cutting  bank.  The  flood  of  1914 
broke  through  the  protection  work  in  a  number  of  places 
and  caused  practically  a  failure  of  the  project.  Four  small 
protection  districts  were  also  formed  and  work  done  which 
proved  entirely  inadequate.  In  some  cases  positive  harm 
was  done.  Quite  often  the  washes,  where  the  channel  is 
small,  are  cultivated  over  and  all  traces  of  the  wash  re- 
moved. 


Eaton,  Wash.,  showing  protection  made  of  old  railroad  ties. 
FLOOD  PROTECTION   IN  THE  FUTURE 

The  futility  of  these  small  and  disconnected  efforts  to 
control  and  prevent  serious  floods  has  been  realized  and 
resulted  in  the  organization  of  the  Los  Angeles  County 
Flood  Control  District,  authorised  by  act  of  the  state  legis- 
lature and  under  the  guidance  of  the  County  Board  of 
Supervisors.  In  April,  1914,  this  board  appointed  a  com- 
mission of  five  well  known  and  experienced  engineers  to 
prepare  a  comprehensive  report  on  flood  control  and  flood 
protection.  Following  the  submission  of  their  report,  a 
chief  engineer  was  appointed  to  take  charge  of  detail  sur- 
veys and  plans  after  the  general  suggestions  of  the  Board 
of  Engineers.  His  report  has  been  recently  submitted  to 
the  Board  of  Supervisors.  Three  main  objectives  have 
been  kept  in  view  throughout  the  report: 

1.  Adequate  protection  of  harbors. 

2.  Conservation  of  as  large  a  proportion  of  flood 
water  as  it  is  possible  to  impound  or  force  into  underground 
reservoirs. 

3.  Reclamation  to  usefulness  of  areas  now  abandoned 
because  of  overflow  or  threatened  destruction. 


Digitized  by 


Google 


72  Purdue   Engineering   Review 

To  accomplish  these  things,  three  general  methods  of 
control  and  prevention  have  been  followed: 

1.  Storage  reservoirs. 

2.  Channel  rectification,  levees,  river  training  and 
"spreading". 

3.  Impeding  dams,  or  check  dams,  in  the  smaller 
streams  of  the  moimtains. 

Unfortunately  there  are  few  good  sites  for  storage 
reservoirs.  Four  will  be  made.  One  dam  is  to  be  built 
in  the  Pacoima  Wash  Canyon,  of  concrete  145  feet  high, 
impounding  3,200  acre  feet  of  water;  one  across  the  Ar- 
royo Seco,  of  concrete,  130  feet  high,  which  will  impound 
6,600  acre  feet;  one  in  the  San  Dimas  Canyon,  145 
feet  above  bedrock,  which  will  impound  2,500  acre 
feet;  and  an  earthen  dam  at  the  head  waters  of  San  Jose 
Creek  witli  a  storage  capacity  of  2,250  acre  feet.  It  is 
thought  that  in  all  cases  the  impounded  water  will  seep 
through  the  porous  strata  and  raise  the  level  of  the  water 
in  the  underground  reservoirs.  Should  this  not  prove  true, 
it  can  be  used  directly  for  irrigation  purposes. 

The  type  of  bank  protection  will,  in  general,  consist 
of  either  a  boulder  levee  thrown  up  by  steam  shovel,  a 
single  row  of  fencing,  or  a  double  row  of  fencing  filled  in 
between  with  orchard  cuttings  or  brush  and  weighted  down 
with  rocks. 

In  handling  the  three  major  streams,  the  Los  Angeles 
River,  the  San  Gabriel  River  and  the  Rio  Hondo,  training 
works  will  be  built  that  the  rivers  may  help  to  govern  and 
straighten  themselves.  The  training  works  will  be  com- 
prised of  a  double  row  of  piling  about  5'  apart,  on  the 
stream  face  of  which  will  be  placed  wire  fencing,  and  the 
space  between  filled  with  brush  and  rock.  In  all  cases  the 
growth  of  willows  and  other  trees  with  deep,  firm  root 
systems  will  be  encouraged  along  the  banks  and  back  of 
the  protection.  An  earth  diversion  dam  is  to  be  built  at 
Dominquez  Hill  to  divert  the  water  of  the  Los  Angeles 
River  from  its  present  disastrous  channel  and  make  it  flow 
between  the  Long  Beach  Harbor  and  the  residential  section 
of  the  City  of  Long  Beach.  This  change  will  free  tjje 
harbors  from  danger.  Federal  aid  has  been  obtained  for 
this  portion  of  the  work. 

The  term  "check  dam"  has  been  applied  to  any  artificial 
obstruction  of  stone  or  logs  or  combination  thereof,  placed 
entirely  across  a  stream  bed.  A  series  of  these  check  dams 
is  built  down  a  rapidly  descending  mountain  stream,  pro- 
ducing a  number  of  falls  and  a  flat  grade  between.  The 
eflFect  is  to  reduce  the  velocity  of  the  water  to  such  an  ex- 
tent that  it  can  be  absorbed  and  rendered  harmless.    These 
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dams  are  from  4  to  8  feet  high.  The  height  and  distance 
apart  depend  upon  the  conditions  of  side  and  bed  rock  and 
the  grade  of  the  canyon.  They  will  be  placed  in  nearly  all 
the  head  waters  and  smaller  streams  of  the  mountains. 

Reforestation  of  the  mountain  slopes  is  a  phase  of 
flood  preventation  which  is  given  precedence  in  European 
countries  but  which  has  not  been  given  consideration  here 
at  this  time  because  of  the  length  of  time  required  for 
sufficient  growth.  In  this  locality,  from  8  to  10  of  the  12 
months  of  the  year  are  dry,  limiting,  the  growing  of  trees 
and  producing  a  serious  menace  from  fire  even  after  the 
growth  is  started. 

The  importance  of  this  work  can  not  be  overestimated. 
The  very  life  of  Southern  California  depends  upon  its  agri- 
cultural and  orange  growing  districts,  which  in  turn  depend 
upon  safety  from  flood  dangers  and  upon  the  water  in  the 
undergroimd  reservoirs  as  well.  Conservation  of  the  annual 
rainfall  is  necessary  to  maintain  them.  At  present  the 
accomplishment  of  this  work  rests  with  the  voters  of  the 
county,  who  are  asked  to  vote  enough  bonds  to  pay  for  it. 
With  no  precedent  to  follow,  the  development  of  these  pro- 
posed works  and  their  eflFects  will  be  watched  with  great 
interest. 
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HIGH  VOLTAGE  LINE  INSULATORS. 

By  J.  B.  Sheadel,  'ii. 

Electrical  insulators  have  two  functions  to  perform; 
one  supporting  the  wires,  the  other,  insulating  the  wires. 
Hence  there  are  two  kinds  of  stresses  brought  to  bear  upon 
the  insulator ;  mechanical  and  electrical.  With  low  voltage 
lines  the  mechanical  stresses  are  much  geater  than  the  elec- 
trical stresses,  so  that  if  an  insulator  is  sufficiently  strong 
mechanically,  very  little  attention  need  be  paid  to  the  elec- 
trical stresses.  But  with  high  voltage  lines  the  electrical 
stresses  are  very  large  and  often  become  the  ruling  factor 
in  insulator  design.  In  fact,  on  high  voltage  lines  it  is 
much  more  common  to  have  the  insulators  break  down 
electrically  than  mechanically. 

Today,  high-voltage  line  insulators  are  made  of  porce- 
lain. This  material  possesses  several  advantages  over  other 
materials  for  'this  purpose,  some  of  which  are  cheapness, 
high  didectric  strength,  high  ohmic  resistance  and  reason- 
able mechanical  strength.  The  principal  objections  to  its 
use  are  that  it  is  easily  broken  and  its  length  of  life  is  short 
(many  insulators  breaking  down  electrically  in  four  or  five 
years). 

Insulators  have  been  developed  more  by  the  "cut  and 
dry"  method  than  on  a  scientific  basis.  This  is  due  to  the 
fact  that  the  demand  for  insulators  came  before  the  con- 
ditions under  which  they  would  have  to  operate  were 
thoroughly  understood.  A  good  factor  of  safety  has  al- 
ways been  allowed  as  far  as  voltage  is  concerned,  the  in- 
sulator being  built  to  stand  about  three  times  normal  voltage 
before  flashover  occurs  in  dry  air.  Also,  it  was  early 
realized  that  the  insulator  should  flashover  at  a  lower 
voltage  than  that  at  which  it  would  puncture.  But  there 
were  no  provisions  made  for  abnormal  conditions  other 
than  abnormal  voltage  and  there  was  no  knowledge  as 
to  the  length  of  the  life  of  an  insulator.  Surges,  for  ex- 
ample, due  to  switching  and  lightning,  have  a  very  steep 
wave  front  which  is  quite  injurious  to  the  insulator. 

Because  of  the  above  mentioned  method  of  develop- 
ment, it  is  not  surprising  to  have  defects  appear.  One  very 
serious  deficiency  has  appeared.  After  insulators  have 
been  in  service  a  few  years  many  punctures  occur  which 
lead  one  to  think  that  the  life  of  a  porcelain  msulator  is 
comparatively  short  (some  cases  less  than  five  years), 
whereas  it  was  supposed  to  be  infinite  from  an  electrical 
point  of  view.  This  failure  of  insulators  after  a  compara- 
tively short  period  of  service  has  led  to  a  movement  de- 
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manding  more  rigid  or  different  tests,  the  idea  being  to 
provide  a  test  or  a  series  of  tests  which,  more  neariy  than 
the  old  ones,  imitate  the  conditions  met  by  insulators  in 
actual  practice.  Some  insulator  manufacturing  companies 
claim  that  the  tests  are  not  at  fault  and  are  putting  more 
attention  into  the  manufacturing  processes.  But  the  utility 
companies,  the  consumers,  are  demanding  better  insulators 
and  their  way  of  obtaining  them  is  by  better  tests. 

The  details  of  testing  insulators  are  not  standardized 
to  any  great  extent  and  each  company  tries  to  carry  out 
some  of  its  own  ideas.  However,  there  are  three  general 
methods  of  testing  high  voltage  line  insulators.  The  first 
test  used  and  very  extensively  employed  is  the  method  re- 
ferred to  above,  of  impressing  voltage  at  low  frequency 
(generally  60  cycles)  over  the  insulator  and  gradually  in- 
creasing the  voltage  until  flashover  occurs.    (See  Figure  i). 
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Circuit  for  impressing  low  frequency  on  an  insulator. 

It  is  claimed  that  if  puncture  does  not  occur,  that  is, 
if  the  insulator  passes  the  test,  no  damage  is  done  because 
the  flash  takes  place  through  the  air  and  not  over  the  in- 
sulator. 
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Here  the  insulator  is  subjected  to  high  frequency  superimposed  on 
low  frequency. 

The  second  method  uses  a  high  frequency  superim- 
posed on  the  low  frequency.  This  is  accomplished  by  a 
circuit  as  shown  in  Figure  II,  the  values  of  capacity  and 
inductance  being  adjusted  for  resonance  at  a  high  fre- 
quency. It  is  claimed  for  this  method  that  when  the  stress 
comes  on  the  insulator,  the  condition  is  very  similar  to  that 
existing  on  a  line  when  lightning  influence  or  a  surge  oc- 
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curs.  In  the  third  method  only  high  frequency  is  impressed 
on  the  insulator.  This  is  accomplished  by  a  resonant  circuit 
as  shown  in  Figure  III.  It  is  claimed  for  this  method  that 
the  high  frequency  current  which  follows  the  surface  of 
the  insulator  searches  out  the  cracks  and  defects.  Utility 
companies  are  demanding  this  test  more  and  more,  as  they 
think  it  gives  better  results.  But  the  manufacturers  object 
on  the  ground  that  it  is  too  severe  on  the  insulator.  In 
addition  to  these  tests,  there  is  a  resistance  measurement 
of  the  insulator  made  just  before  packing  at  the  factory, 
and  all  insulators  measuring  less  than  infinity  are  discarded. 
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Here  only  hljrb  frequency  Is  Impressed  on  the  Insulator 

As  stated  above,  after  insulators  have  been  in  service 
a  few  years  many  punctures  occur  and  it  appears  that  they 
gradually  weaken.  Much  research  has  been  carried  on 
recently  to  discover  the  cause  of  this  weakening.  In  the 
High  Tension  laboratory  at  Purdue,  extensive  experiments  • 
are  being  made  to  determine  the  relative  value  of  the 
various  tests  on  insulators  and  the  cause  of  insulator  weak- 
ening. Most  engineers  agree  that  this  weakened  dielectric 
condition  is  due  to  moisture  absorbed  by  the  insulator.  So 
general  is  this  feeling  that  large  utility  companies  go  over 
their  lines  about  once  a  year  and  discard  all  insulators  which 
"megger"  less  than  infinity.  But  all  do  not  agree  as  to 
why  insulators  absorb  moisture.  Some  say  that  procelain 
is  hygroscopic  and  moisture  is  gradually  taken  on,  and 
when  a  sufficient  amount  has  been  absorbed,  breakdown 
occurs  from  abnormal  line  voltage  or  possibly  normal  line 
voltage.  Others  claim  that  small  cracks  develop  in  the  in- 
sulator and  moisture  is  taken  on,  thus  reducing  the  dielectric 
strength  and  ohmic  resistance.  There  is  also  a  diversity 
of  opinion  as  to  why  these  cracks  develop.  It  is  claimed 
that  they  may  be  caused  by  internal  stresses  due  to  uneven 
cooling  at  the  time  the  insulator  is  made  or  because  of 
electric  stresses  due  to  high  voltage  on  the  line,  or  because 
of  changes  of  temperature  from  day  to  day  or  season  to 
season. 

If  some  porcelain  insulators  have  the  property  of  ab- 
sorbing moisture  gradually  and  in  the  course  of  a   few 
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years  becoming  weakened  to  such  an  extent  as  to  be  prac- 
tically worthless  while  other  insulators  do  not,  then  it 
seems  as  though  we  may  hope  to  develope  a  test  to  elimi- 
nate the  poor  ones  or  to  improve  the  manufacturing 
processes.  On  the  other  hand,  if  it  is  a  property  of  all 
porcelain  insulators  to  gradually  weaken  and  become  worth- 
less in  a  few  years  then  it  seems  that  there  should  be  a 
new  material  developed  for  line  insulators.  There  have 
been  some  attempts  made  to  use  compounds  similar  to  bake- 
lite,  but  as  yet  no  successful  development  has  been  made 
public.  The  course  for  the  immediate  future  seems  to  be 
a  complete  study  of  the  present  insulator  to  learn  whether 
or  not  the  defects  can  be  remedied,  and  also  a  search  for 
another  material  better  suited  than  porcelain  for  high 
voltage  line  insulators. 
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CENTRAL  STATION  STEAM  HEATING. 

By  Harry  A.  Wood  worth,  M.  E.,  Purdue,  '09,  '13. 

Heating  a  business  or  residence  section  of  a  city  or 
town  by  a  system  of  properly  insulated  steam  mains  was 
first  done  successfully  at  Lockport,  N.  Y.,  some  forty  years 
ago  and  the  same  plant,  with  its  original  underground  in- 
stallation of  hollowed  wood  log,  is  still  in  use  today  after 
all  these  years  of  service,  extensions  having  been  made 
from  time  to  time  as  business  warranted. 

REASONS   FOR  DISTRICT    HEATING 

District  heating  has  proved  profitable  in  territories 
where  natural  gas  and  cheap  domestic  coal  are  at  hand. 
Since  the  price  of  coal  is  on  the  advance,  with  the  draw- 
backs of  delivery  of  fuel,  unsatisfactory  burning,  and  the 
enactment  of  rigid  smoke  abatement  ordinances,  there  has 
been  an  unusual  growth  in  the  installations  of  central  sta- 
tion steam  heating.  The  isolated  plants  in  office  buildings, 
hotels  and  industrial  buildings  have  been  shut  down,  due  to 
the  fact  that  they  could  buy  steam  for  heating,  cooking, 
laundry  and  manufacturing.  Central  station  heating  has 
been  the  cause  of  greater  light  and  power  load  for  all  com- 
bined heat  and  light  utilities.  Without  the  heat,  the  above 
class  of  business  could  not  be  contracted. 

Present  day  utilities  are  operated  on  so  narrow  a 
margin  of  profit  that  the  increase  in  fuel  prices,  with  no 
increase  in  the  selling  price  of  their  commodity,  has  caused 
the  water,  gas  and  electric  companies  to  find  a  double  use 
of  their  power  plants  by  selling  their  by-products. 

Central  station  heating  is  a  necessary  convenience  de- 
sired by  all  communities.  It  is  a  marked  source  of  profit 
to  the  utility  companies  due  to  the  double  utilization  of  each 
pound  of  coal.  Where  the  plant  is  operated  as  an  electric 
and  heating  utility,  much  better  returns  have  accrued  from 
the  conjoint  operation  than  from  an  independent  electric 
plant  wasting  the  steam  to  the  atmosphere  or  condenser. 
The  economies  resulting  from  one  management,  one  boiler 
plant  replacing  many,  greater  earning  power  derived  from 
one  pound  of  steam,  higher  grade  of  labor  and  engineering, 
a  general  saving  in  operation  and  investment,  established 
good  reasons  for  the  increased  demand  by  most  utilities 
to  adopt  central  station  heating. 

Since  the  advent  of  the  various  state  Public  Service 
commissions  the  public  utilities  that  operate  combined  heat 
and  light  plants  have  been  compelled  to  segregate  the 
costs  of  each  commodity  on  a  just  and  equitable  basis  and 
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this  segration  of  costs  has  proved  that  the  central  heating 
business  has  been  the  "goat"  in  the  past.  The  ambition  of 
certain  companies  is  to  manufacture  a  kilowatt-hour  on 
paper  at  a  cost  less  than  the  other  utilities  so  that  they  may 
be  considered  the  most  "efficient"  plants.  In  order  to  do  this 
the  light  and  heat  company  has  charged  electric  maintenance 
and  operation  to  the  steam  heat  department  and  often 
credited  certain  heat  revenue  to  the  electric  department  as 
non-operating  revenue,  while  the  heat  department  stood 
the  major  portion  of  the  burden.  Out  of  this  chaos  has 
come  an  effective  revision  in  practice,  naturally  followed  by 
greater  confidence  in  the  utility  of  central  station  heating. 
In  the  main,  this  has  logically  come  about  through  more 
skilled  engineering,  more  durable  and  efficient  insulating 
materials,  equitable  and  adequate  meter  basis  of  charge, 
wisely  selected  territory  and  proficient  management. 

PREPAREDNESS 

The  demands  for  central  heating  is  so  strong  in  general 
that  the  manufacturers  of  prime  movers  have  revolutionized 
the  design  of  their  steam  units  to  make  provision  for  operat- 
ing these  units  efficiently,  both  condensing  and  non-con- 
dencing,  as  the  conditions  may  demand.  The  Bleeder  type 
turbine  is  the  offspring  of  central  station  heating.  Many 
electric  utilities  are  selecting  this  type  of  unit  where  their 
plants  are  favorably  located  for  central  station  heating, 
even  though  no  heating  system  exists  at  present.  This  type 
costs  very  little  more  than  the  standard  condensing  type 
and  has  the  advantage  of  being  fully  as  efficient  with  the 
flexibility  for  varying  back  pressures  in  case  central  station 
heating  is  adopted. 

It  is  well  known  that  but  15  per  cent,  of  the  total  heat 
in  steam  is  utilized  in  the  prime  movers  before  the  steam  is 
wasted  in  the  condensers.  Combined  electric  and  heating 
properties  such  as  the  above  are  competing  with  hydro  elec- 
tric plants  and  showing  much  better  returns. 

COMPETENT   ENGINEERING 

The  engineering  features  that  surround  a  central  sta- 
tion heating  system  are  of  such  importance  that  the  design, 
construction  and  installation  should  be  taken  care  of  by 
the  best  specialist  obtainable.  The  difference  in  cost  be- 
tween the  less  efficient  and  the  most  efficient  installations 
is  very  small  compared  with  the  returns  on  the  investment 
of  the  best  type,  as  the  line  loss  on  the  poorer  type  is  a 
vital  point  that  must  be  taken  into  consideration.  The 
best  is  none  too  good. 
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The  once  "slipshod"  methods  of  underground  construc- 
tion of  steam  mains  has  proved  unprofitable  and  today  steam 
mains  are  being  installed  by  proficient  engineering  corpora- 
tions that  guarantee  their  installation  will  prove  satisfac- 
tory. The  system  of  undergroimd  pipes  should  be  encased 
in  the  most  efficient  as  well  as  durable  materials  that  the 
market  aflFords,  and  it  must  be  kept  free  from  surrounding 
water  by  means  of  underdrain  tile,  Fig.  i.  Joints  of  large 
size  steam  mains  are  welded  into  one  homogenous  length 
and  installed  across  bridges  and  under  flood  water  condi- 
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tions.  One  engineering  firm  installed  a  steam  main  under 
tide  water  conditions.  This  later  installation  to  the  writer's 
notion  is  imique  in  that  for  three  years  the  steam  main  has 
been  surrounded  with  tide  water  and  has  never  given  any 
trouble.  A  brief  description  of  this  installation  is  as  fol- 
lows: 

WATERPROOFING  STEAM    MAINS 

The  method  of  water  proofing,  described  below,  ap- 
plies to  fresh  water  conditions  as  well  as  tide  water.  How- 
ever, tide  water,  due  to  its  ebb  and  flow,  is  the  cause  of  un- 
usually difficult  working  conditions.  Every  twenty-four 
hours  there  are  two  ebb  or  low  tides  and  two  flood  or  high 
tides.  These  tides  alternate  first  high  then  low,  then 
high  followed  by  low  again.  At  the  point  where  the  water- 
proofing was  done  there  was  an  eight  and  one-half  foot 
tide.  The  average  level  of  the  water  at  high  tide  was  only 
29  inches  blow  the  surface  of  the  ground.  At  certain  times 
in  the  month,  unusually  high  tides  prevailed  and  at  these 
times  the  high  tide  level  was  often  above  the  surface  of  the 
groimd.  All  excavations  had  to  be  made  on  the  ebb  tide 
and  all  brick  work  had  to  be  completed  before  high  tide, 
six  hours  later. 

The  excavation  for  and  building  of  manholes  required 
more  time  than  would  elapse  between  high  tides.  To  over- 
come this  difficulty  a  type  of  coflfer  dam  was  built  of  brick 
and  pitch.  Excavation  for  manhole  was  carried  on  as  tide 
level  receded.  When  the  desired  bottom  was  reached, 
three-ply  tar  paper  was  laid  on  the  bottom,  the  edges  being 
overlapped  slightly  and  pitched  to  make  a  joint.  On  this 
tar  paper  bottom  hot  pitch  was  |>oured  and  then  bricks  laid, 
flat  side  down,  and  pressed  into  the  hot  pitch.  Over  this 
brick  bottom,  pitch  was  poured  to  fill  all  spaces  between 
brick.  Four  inch  side  walls  were  then  laid  by  dipping  ends 
and  bottoms  of  brick  in  hot  pitch  and  pressing  the  same 
firmly  together  in  regular  courses. 

In  this  coflFer  dam  of  brick  and  pitch  the  masons  laid 
the  regular  manhole  with  brick  and  Portland  cement,  re- 
gardness  of  the  level  of  the  incoming  tide.  For  concrete 
work,  a  three-ply  tar  paper  bottom  was  laid  with  edges 
turned  up  four  inches  on  all  sides  and  the  joints  were 
lapped  a  few  inches  and  sealed  with  pitch.  On  this  paper 
was  placed  a  three  inch  concrete  bottom.  When  this  had 
set,  another  three-ply  tar  paper  bottom  was  laid  similar  to 
the  first.  A  thin  layer  of  pitch  between  the  concrete  and 
tar  paper  held  the  paper  firmly  to  the  concrete.  A  one  inch 
layer  of  pitch  was  poured  on  this  paper  bottom.  This 
formed  the  base  for  side  walls  of  brick  box. 
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A  one  inch  layer  of  pitch  was  poured  between  the  lay- 
ers of  brick  in  the  side  walls,  and  likewise  between  the  lay- 
ers of  brick  which  formed  the  top  course.  For  such  work 
it  is  necessary  to  use  a  type  of  pitch  or  asphalt  filler  that 
will  not  run  under  a  temperature  of  less  than  220  degrees  F. 


npH 


Fig.  2. 
INTERIOR  PIPING  FOR  ATMOSPHERIC  HEATING. 

The  piping  consists  of  a  two  pipe  "flow  and  return" 
arrangement  in  which  steam  is  circulated  to  all  the  radia- 
tors under  pressures  ranging  below  six  ounces.  Five  to 
six  ounces  is  sufficient  for  maximum  demand,  while  less 
than  this  can  be  carried  on  milder  days.  A  constant  operat- 
ing pressure  is  maintained  on  the  heating  system  by  ifieans 
of  a  pressure  reducing  valve  (Fig.  2)  placed  in  the  service 
main  before  connection  is  made  to  the  supply  piping  in  the 
building. 

Steam  passes  into  the  top  of  the  radiators,  which  are 
of  th^  hot  water  type,  through  a  graduated  or  fractional 
valve.  (Fig.  3.)  The  area  of  the  discharge  opening  of 
each  valve  is  proportioned  to  the  amount  of  surface  on 
each  radiation.  A  larger  amount  of  radiating  surface  than 
is  required  for  each  room  is  provided  so  that  each  radiator 
furnishes  its  own  economy  coil  whereby  the  condensed 
steam  gives  up  a  large  portion  of  its  sensible  heat  before 
passing  into  the  return  main.  Thus,  all  the  available  heat 
contained  in  the  steam  and  the  condensate  is  radiated  in 
the  room  where  it  is  desired.  As  any  portion  of  each 
radiator  from  the  top  down  may  be  filled  with  steam  ac- 
cording to  the  comfort  of  the  occupant  simply  by  manipu- 
lating the  graduated  valve,  a  great  flexibility  is  secured 
that  will  meet  any  weather  condition.  This  makes  for 
economy,  which  is  a  very  important  fundamental  from  the 
viewpoint  of  the  customer. 
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Fig.  3. 

The  reported  failure  of  one  or  two  central  heating  sys- 
tems of  old  was  due  to  the  flat  rate  basis  of  charge  and 
very  poor  management.  Meter  basis  of  charge  has  made 
electric  light,  gas  and  water  plants  successful.  Too  much 
emphasis  cannot  be  placed  upon  this  most  important  phase 
of  the  subject.  The  condensation  steam  meter  is  a  very 
accurate  device  that  has  long  passed  through  the  experi- 
mental stage.  Progressive  central  station  heating  com- 
panies test  these  meters  periodically.  The  methed  of  test- 
ing is  very  simple  and  consists  of  a  barrel  or  tank  con- 
taining, say,  500  lbs.  of  water,  mounted  on  scales.  This 
water  is  fed  to  the  meter  to  be  tested  at  the  rated  capacity 
of  the  meter  and  when  the  barrel  is  empty  the  meter  will 
show  scx>  lbs.  plus  or  minus  one  or  two  per  cent.  Con- 
densation meters  are  very  accurate  measuring  devices  and 
record  as  correctly  as  electric,  gas  or  water  meters. 
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MILLING  AND  FLOTATION. 

^  By  A.  C.  Embshoff,  'i6. 

The  principles  of  hydraulic  classification,  e.  i.,  the 
selective  action  exerted  by  a  current  of  water  upon  a  mass 
of  sandy  material  composed  of  particles  of  different  den- 
sities, have  long  been  known.  Hydraulic^  classification  is 
most  successful  when  applied  to  ores  which  do  not  slime 
easily,  e.  i.,  ores  which  are  not  readily  reduced  to  an  im- 
palpable powder  and  from  which  the  mineral  is  freed  by 
comparatively  coarse  crushing.  This  type  of  ore  fractures 
easily  and  contains  the  valuable  constituent  in  the  form  of 
plates  or  crystals.  The  mineral  in  such  ores,  usually  being 
much  heavier  than  the  gangue,  is  easily  separated  from  the 
latter  when  subjected  to  the  classifying  effect  of  streams 
of  water  in  the  various  concentrating  machines,  such  as 
jigs,  tables,  classifiers,  etc. 

However,  when  the  mineral  is  highly  disseminated,  it 
becomes  necessary  to  reduce  the  ore  to  a  very  fine  state  of 
division  in  order  to  free  the  mineral  constituent.  It  is  me- 
chanically impossible  to  do  this  without  reducing  a  large 
portion  of  both  the  mineral  and  gangue  to  an  impalpable 
|X)wder  or  slime  which  is  not  succeptible  to  hydraulic  classi- 
fication. The  reason  for  this  is  quite  obvious.  While  it 
is  true  that  the  relative  densities  of  the  mineral  and  gangue 
remain  the  same  regardless  of  the  state  of  division,  yet 
the  water  velocity  required  to  move  a  particle  of  gangue 
is  so  nearly  that  required  to  move  the  mineral  particle  that 
is  practically  impossible  to  effect  any  separation  of  the  two 
by  hydraulic  classification. 

For  many  years  these  slimes  were  carried  off  with  the 
waste  and  overflow  water  from  the  various  machines  used 
in  concentrating  the  coarse  mineral  and  often  found  their 
way  to  the  tailings  or  waste  dump.  Several  operators,  how- 
ever, believed  that  some  day  a  commercial  process  would 
be  discovered  by  which  these  tailings  could  be  re-treated 
anda  greater  per  cent,  of  the  mineral  recovered.  This  be- 
lief was  justified  when  the  flotation  process  was  perfected. 

The  flotation  process  is  especially  successful  in  treat- 
ing the  product  that  evades  concentration  by  water,  namely, 
the  slimed  material.  Advantage  is  taken  of  the  fact  that 
certain  oils  exhibit  a  marked  affinity  for  the  mineral  par- 
ticles in  a  mixture  of  mineral  and  gangue  and  compara- 
tively no  affinity  for  the  gangue.  Minerals  having  a  me- 
tallic luster  are  especially  susceptible  to  the  process,  whereas 
the  carbonates  and  oxidized  ores  resist  flotation  until  altered 
chemically  or  physically.     The  addition  of  sulphuric  acid 
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to  the  mixture  of  ore  and  oil  appears  to  enhance  the  selec- 
tive action  of  the  oil  for  some  minerals,  notably  lead  and 
zinc.  On  the  other  hand,  the  addition  of  acid  or  an  acid 
condition  of  the  pulp  is  almost  invariably  fatal  to  the  suc- 
cessful flotation  of  copper  ores. 

In  the  flotation  process  as  practised  today,  the  slimes 
from  the  hydraulic  concentration  are  collected  and  sent  to 
deviating  tanks  where  the  pulp  solution  is  reduced  to 
about  5:1,  e.  1.,  five  parts  of  water  to  one  of  pulp  or  slime. 

In  the  treatment  of  lead  or  zinc  ores  these  slimes  pass 
lo  sludge  tanks  where  acid  is  added.  From  the  sludge  tanks 
the  acidified  pulp  passes  to  an ,  emulsifier.  This  machine 
is  an  air-tight  cylindrical  or  square  vessel  provided  with 
baffles  and  a  rotating  agitator  blade  having  a  peripheral 
velocity  of  1,700  feet  per  minute.  A  very  small  quantity 
of  oil  is  introduced  with  the  pulp  into  this  machine  and 
thoroughly  agitated  with  it.  The  amount  of  oil  used  is 
from  0.05  to  o.  1%  of  the  weight  of  the  dry  pulp,  i.  e.,. 
one  to  two  pounds  of  oil  per  ton  of  pulp. 

From  the  emulsifier  the  mixture  of  ore,  oil,  acid,  water, 
•  etc.,  passes  to  the  flotation  machine  proper.  This  machine 
is  usually  similar  in  construction  to  the  emulsifier  except 
that  air  has  free  access  to  the  interior  of  the  machine, 
which  is  provided  with  a  large  box-like  lip  or  "spitzkasten". 
In  this  machine  the  emulsified  pulp  is  again  violently  agi- 
tated and  large  quantities  of  air  are  beaten  into  the  pulp. 
As  a  result  of  this  agitation,  a  froth  is  formed.  The 
mineral  particles  float  on  this  froth  while  the  gangue  sinks. 
When  the  portioning  of  ore,  oil,  acid,  water,  rate  of  agi- 
tation and  rate  of  flow  through  the  machine  have  been  at- 
tained, the  froth  is  very  stable  and  persistent  and  is  com- 
posed of  thousands  of  tiny  air  bubbles,  each  bubble  com- 
pletely covered  or  armored  with  a  coating  of  the  slimed 
mineral. 

The  froth  flows  from  the  agitating  compartment  into 
the  lip  or  "spitzkasten"  previously  mentioned,  and  while 
floating  across  the  water  in  the  "spitz"  drops  a  large  por- 
tion of  the  gangue  that  may  have  been  picked  up  mechanic- 
ally during  agitation.  The  mineral  frost  then  floats  or  is 
skimmed  off  the  "spitz". 

The  cycle  of  operations  just  described  is  that  of  a 
single  machine.  In  actual  practice,  one  emulsifier  serves 
a  number  of  flotation  machines.  The  flow  of  the  pulp 
through  the  flotation  plant  will  now  be  outlined. 

From  the  emulsifiers  the  pulp  passes  to  a  set  of  flota- 
tion cells  in  multiple;  that  is,  each  cell  receives  its  feed 
direct  from  the  emulsifier.     These  cells  are  termed  "mul- 
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tiple  cells"  or  "roughers"  and  from  them  a  froth,  called 
the  "rougher  concentrate",  is  removed. 

The  waste  material,  or  tails,  from  these  "roughers" 
passes  next  to  a  set  of  cells  arranged  in  series,  that  is,  the 
tails  from  the  first  cell  pass  to  the  agitating  compartment 
of  the  second  cell  and  the  tails  from  the  second  cell  pass 
to  the  third  cell  and  so  on  through  the  series  of  five  or  six 
cells.  The  froth  removed  from  these  cells  carries  some 
mineral  and  is  termed  a  "middlings  product"  or  "midds". 
The  tails  from  the  last  cell  in  the  series  go  to  the  tailings 
dump. 

The  rougher  concentrate  mentioned  in  a  previous  para- 
graph is  sent  to  a  set  of  cells  in  multiple  known  as  the 
"cleaners"  and  the  concentrate  froth  from  these  cells  is 
sent  to  another  set  of  multiple  cells  known  as  the  "re- 
cleaners".  From  this  last  set  the  final  product  of  cleaned 
concentrate  is  removed. 

The  tails  or  waste  material  from  the  cleaners  and  re- 
cleaners  are  combined  with  the  "midds"  from  the  series 
cells  and  returned  to  the  head  of  flotation,  where  they  are 
combined  with  the  pulp  that  is  about  to  enter  the  first  set* 
of  "roughers". 

A  comparison  of  the  relative  efficiency  of  concentra- 
tion by  flotation  and  concentration  by  water  may  not  be 
amiss.  With  flotation,  tails  containing  only  o.5%:i.o% 
of  mineral  can  be  and  are  produced.  With  water  concen- 
tration, tails  seldom  run  less  than  2%  and  in  most  cases 
run  much  higher,  frequently  carrying  7%  :io%  of  the 
mineral.  An  extraction  of  95%:97%  is  not  uncommon 
where  flotation  is  used,  while  an  extraction  of  60%  is  con- 
sidered excellent  in  water  concentration. 

The  flotation  of  copper  ores  differs  in  some  respect 
from  that  of  zinc  and  lead.  The  emulsifier  is  freqently 
dispensed  with  and  the  oil  is  added  to  the  pulp  as  it  enters 
the  tube  mills  that  do  the  fine  grinding  prerequisite  to  suc- 
cessful flotation. 

One  of  the  recent  developments  in  flotation  has  been 
the  entire  elimination  of  the  preliminary  water  concentra- 
tion. At  the  Inspiration  Consolidated  Copper  Company, 
Globe,  Ariz.,  18,000  tons  of  ore  are  treated  daily  and  the 
ore  from  the  mine  is  all  reduced  to  suitable  fineness  and 
sent  directly  to  flotation.  Another  unique  feature  of  this 
installation  is  the  hydraulic  concentrators  which  follow  the 
flotation  machines  instead  of  preceding  them.  In  these 
concentrators  the  coarse  mineral  which  escapes  flotation 
is  recovered. 

The  development  of  the  flotation  process  was  a  big  step 
forward  in  the  conservation  of  our  natural  resources.  It  has 
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made  profitable  mines  out  of  low  grade  properties  that 
were  formerly  considered  impossible  of  development  at  a 
profit.  It  has  made  thousands  of  tons  of  tailings,  con- 
sidered at  one  time  worse  than  useless  because  of  the  dif- 
ficulty in  disposing- of  them,  susceptible  of  treatment  at  a 
Tiandsome  profit.  Its  application,  whenever  practicable, 
means  increased  extractions  and  lower  operating  costs; 
hence,  higher  efficiency.  When  the  present  dispute  of  liti- 
gation over  the  patent  rights  of  flotation  has  been  settled, 
we  may  look  for  a  broader  and  more  enlightened  applica- 
tion of  the  process:  Until  then  the  secrecy  observed  by 
nearly  all  operators  will  be  maintained  and  will  prevent 
the  frank  interchange  of  opinions,  observations  and  ex- 
periences so  necessary  to  the  elimination  of  duplication 
in  research  work  and  to  the  full  development  of  a  process 
so  broadly  applicable  under  widely  divergent  conditions. 
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DAMAGE  TO  OPERATING  COMPANIES 
CAUSED   BY   LIGHTNING. 

By  Frank  Scott,  'i6. 

Lightning  is  a  source  of  trouble  throughout  the  year 
to  companies  that  use  or  generate  electrical  energy.  Con- 
tinuity to  serve  is  being  demanded  more  and  more  by  the 
consumer  of  electrical  energy  and  the  operating  man 
must  guarantee  such  service.  It  is  needless  to  comment 
on  the  loss  in  time  and  money,  to  say. nothing  of  the  an- 
noyance and  inconvenience,  caused  when  motors,  trans- 
former, lights,  etc,  are  burned  out  during  an  electric 
storm.  The  writer  intends  in  this  article  to  make  a  study 
of  the  damage  that  was  done  to  power  companies  by  light- 
ning, and  if  possible,  to  oflFer  some  suggestions  for  better 
protection. 

Letters  were  sent  to  the  pricipal  Power  and  Railway 
Companies  of  Indiana,  Ohio,  Illinois,  Michigan,  Iowa, 
Minnesota,  and  Wisconsin  asking  for  a  report  on  the  dam- 
age due  to  lightning  during  the  year  191 5.  Forty  per  cent, 
of  these  companies  replied. 

The  following  questions  were  sent  to  the  different 
electrical  companies: 

1.  To  what  extent  has  your  system  been  disturbed 
by  lightning? 

2.  What  apparatus  has  been  damaged? 

3.  Has  your  trouble  occurred  in  the  same  place  more 
than  once? 

4.  What  protective  apparatus  was  used,  and  where 
was  it  located  with  respect  to  apparatus  damaged? 

5.  If  possible  state  the  cause,  and  give  a  brief  de- 
scription of  the  incident,  including  date. 

6.  If  you  have  any  further  data  or  information,  it 
will  be  greatly  appreciated. 

A  survey  of  the  damage  due  to  lightning  over  the 
Northern  central  part  of  the  United  States  shows  that 
ninety  per  cent  of  the  power  companies  have  had  trouble 
and  when  we  consider  that  these  companies  are  well  dis- 
tributed over  this  section,  it  is  fair  to  assume  that  the  fig- 
ures given  are  representative  of  the  damage  to  power  com- 
panies in  general. 

Forty-five  per  cent,  of  these  companies  had  their  gen- 
erative and  distributive  systems  very  seriously  damaged; 
forty-two  and  one-half  per  cent.,  although  not  seriously 
damaged,  were  greatly  inconvenienced  by  interruption  of 
service  and  damage  to  equipment;  five  per  cent,  kept  no 
record  and  seven  and  one-half  per  cent,  had  no  trouble. 
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One-half  of  the  ones  having  no  trouble  had  underground 
systems. 

Apparatus  Damaged. 

Per  cent  of  Com-      Per  cent  of  par- 

panies  that  had           ticular  trouble 

Apparatus.                                    trouble.  to  total  trouble. 

Transformers    ~ 75  36 

Meters 25  12 

Insulators    17  8 

Generators    ~ ~ 15  7 

Arresters    ..._ _ 12  6 

Oil   switches   10  5 

Lines    ^ ~ 10  5 

Poles    3  2 

Fuses    10  5 

Fuse  blocks 12  6 

Switchboard  Instruments  5  4 

Arc  lamps  «.    3  2 

Incandescent  lamps  3  2 

Power  House  destroyed  3  2 

The  table  shows  that  75%  of  the  companies  had  trans- 
former trouble  and  that  36%  of  all  damage  can  be  charged 
to  transformers.  This  high  percentage  is  due  to  the  fact 
that  transformers  are  always  connected  directly  to  trans- 
missions and  distributing  lines,  and  in  the  case  of  pole 
type  transformers,  they  are  exposed  to  cloud  lightning  as 
well  as  line  surges.  Furthermore,  transformers,  being 
connected  directly  to  the  overhead  lines,  are  the  first  ap- 
paratus with  which  the  lightning  comes  in  contact,  except- 
ing lightning  arresters  which  can  not  be  considered  with 
other  apparatus,  because  they  are  especially  designed  to 
protect  themselves  as  well  as  to  give  protection. 

A  further  inspection  of  the  table  discloses  the  fact 
that  meters  are  next  with  reference  to  extent  of  danger. 
Twenty-five  per  cent,  of  the  companies  had  motor  trouble, 
and  this  was  twelve  per  cent,  of  all  trouble  recorded.  In 
most  cases  the  trouble  was  due  to  the  burning  out  of  me- 
ter shunts.  This  relatively  large  percentage  of  damage  to 
meters  can  be  accounted  for  as  follows.  First:  Since 
there  is  such  a  large  number  of  meters  used  in  comparison 
with  other  electrical  apparatus,  it  is  reasonable  to  suppose 
that  the  relative  number  damaged  would  be  great.  Second : 
Meters  are  always  placed  on  incoming  or  outgoing  lines, 
a  position  which  subjects  them  especially  to  lightning 
surges.  Third:  The  mechanicm  of  the  instrument  must 
be  of  delicate  construction,  and  consequently  it  is  difficult 
to  heavily  insulate  its  parts. 

Seventeen  and  one-half  per  cent,  of  the  companies 
have  had  trouble  with  line  insulators  being  broken.  This 
represents  eight  per  cent,  of  the  total  trouble,  which  does 
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not  seem  unreasonable  when  we  consider  that  insulators 
are  in  an  exposed  position,  and  are  not  protected. 

Fifteen  per  cent  of  the  companies  have  had  damage 
to  their  generators.  This  is  perhaps  a  very  fair  estimate 
of  damage  to  revolving  machinery  in  general,  because  the 
generator  is  the  most  important  and  costly  apparatus  used, 
and  no  doubt  all  damage  would  be  recorded. 

The  per  cent  of  arresters  damaged  is  comparatively 
large,  because  they  are  always  placed  so  as  to  receive  any 
abnormal  surge  before  it  reaches  other  apparatus. 

The  damage  to  the  remaining  apparatus  listed  is  com- 
paratively small.  This  is  due  not  to  the  fact  that  less  of 
this  apparatus  has  been  damaged  but  rather  to  the  fact 
that  damage  was  not  recorded,  because  it  did  not  directly 
interfere  with  service,  and  also  the  cost  of  fuses,  lamp, 
poles,  etc.,  seems  relatively  unimportant  to  the  company 
when  compared  to  the  loss  of  a  large  generator  or  trans- 
former. 

The  answer  to  the  question  as  to  whether  the  trouble 
occurred  in  the  same  place  more  than  once,  50%  of  the 
companies  answered  "yes,"  25%  answered  "no,"  and  25% 
gave  no  answer.  A  transmission  line  that  crosses  a  place 
whose  altitude  is  higher  than  the  surrounding  country, 
will  be  subject  to  repeated  damage.  In  several  cases  it 
was  found  that  the  trouble  was  stopped  by  moving  the 
apparatus  only  a  short  distance  from  its  original  position. 
One  case  in  particular  was  that  of  a  transformer  which 
was  burned  up  several  times.  It  was  finally  removed  two 
hundred  feet  from  its  original  position  with  the  result 
that  no  further  annoyance  was  experienced.  Lightning 
jumping  from  a  heavy  load  in  the  vicinity  was  thought  to 
have  caused  the  trouble. 

Some  localities  are  more  subject  to  disturbance  than 
others,  which  can  be  attributed  to  two  causes: 

1st.  The  particular  section  may  be  of  greater  alti- 
tude than  the  surrounding  country. 

2nd.  Due  to  dry,  loose  soil,  it  is  difficult  to  get  a 
good  ground  for  the  arresters.  One  engineer  stated  that 
their  trouble  was  confined  almost  entirely  to  a  section  that 
was  formerly  swampy  ground,  and  since  the  soil  was 
composed  wholly  of  decayed  vegetable  matter,  it  was  al- 
most impossible  to  get  a  ground  for  their  arresters. 

The  arresters  used  were  of  the  standard  types,  namely: 
choke  coils  and  horn  gaps,  multigap,  Garton  &  Daniels, 
D.  C.  arrester  with  magnetic  blow-out,  aluminum  cell  and 
overhead  wires.  The  type  or  arresters  that  should  be 
used  depends  upon  the  voltage  and  the  kind  of  service  and 
current    delivered.      The    most    trouble    occurred    where 
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either  too  few  arresters  were  used,  or  where  they  were 
improperly  placed  with  reference  to  the  apparatus  to  be 
protected.  Arresters  were  formerly  installed  in  a  hap- 
hazard way.  This  was  not  due  to  any  negligence  on  the 
part  of  the  companies,  but  rather  to  the  fact  that  correct 
methods  of  installation  were  not  known.  In  many  cases 
the  arrester  was  placed  at  quite  a  distance  from  the  appa- 
ratus to  be  protected,  and  there  was  a  chance  of  lightning 
striking  between  the  two,  with  the  result  that  insufficient 
protection  was  secured.  Arresters  were  placed  in  prac- 
tically every  case,  at  the  power  house,  substations,  ends 
of  lines,  and  at  regular  intervals  along  the  line. 

Protection  from  a  direct  stroke  of  lightning  is  very 
difficult.  The  cost  of  protective  apparatus,  which  can  be 
depended  upon  in  the  case  of  direct  stroke  is  so  great  as 
to  make  its  use  prohibitive. 

Induced  charges  can  be  dissipated  easily  by  the  use  of 
proper  arresters.  Reliable  manufacturing  companies  make 
good  arrestern  which  are  adapted  to  nearly  every  kind  of 
service,  and  in  the  installation  of  protective  devices,  the 
proper  type  of  arrester  for  the  particular  kind  of  service 
should  always  be  selected. 

The  question  of  proper  location  of  arresters  is  an 
important  one.  Locating  the  arrester  as  near  as  possible 
to  the  apparatus  to  be  protected  seems  to  be  the  present 
tendency.  Companies  that  follow  this  rule  suffer  the 
least  damage. 

A  greater  number  of  arresters  could  be  used  to  ad- 
vantage in  many  cases.  They  should  be  placed  near  to 
practically  every  piece  of  apparatus  that  is  exposed  to 
lightning.  Economy  must  be  considered  in  the  installa- 
tion of  protective  devices.  It  is  not  good  policy  to  burden 
a  system  with  arresters  with  the  view  of  stopping  all 
trouble.  It  is  cheaper  to  have  a  line  burn  down  occa- 
sionally than  to  have  it  completely  protected.  The  cost 
of  arresters  as  compared  to  other  electrical  apparatus  is 
small;  therefore  in  nearly  every  case,  it  is  better  to  have 
too  many  than  to  have  too  few. 

If  possible  the  installation  of  apparatus  such  as  trans- 
formers in  elevated  places  should  be  avoided.  When  ar- 
resters are  installed,  good  grounds  should  be  made ;  other- 
wise the  arrester  can  not  perform  its  required  duty.  For 
the  protection  of  three  phase  "Star"  connected  systems, 
grounded  neutrals  are  very  effective.  Transformers  are 
often  installed  as  an  insulation  from  lightning.  The  appa- 
ratus is  protected  because  the  transformer  is  between  it 
and  the  lightning  discharge,  and  the  coils  choke  it  back. 
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Arresters  should  not  be  condemned  because  they 
sometimes  fail.  It  is  remarkable  that  they  perform  their 
duty  as  well  as  they  do,  when  we  consider  how  peculiar 
lightning  is  in  its  behavior.  When  trouble  occurs,  the 
case  should  be  carefully  diagnosed  by  the  engineer,  and, 
generally,  some  change  can  be  made  which  will  prevent 
future  trouble. 

The  following  rules  for  the  installation  of  lightning 
arresters  contain  many  helpful  and  valuable  suggestions. 

1.  The  best  arrester  made  is  absolutely  worthless 
unless  it  has  a  good  ground.  Perhaps  the  most  essential 
thing  to  remember  is  that  "Lightning  arresters  cannot  have 
too  good  a  ground." 

2.  Station  Grounds:  Heavy  copper  or  iron  plates 
should  be  buried  to  such  a  depth  that  they  are  in  damp 
soil  the  year  round.  If  the  plates  are  imbedded  in  carbon 
and  occasionally  wet,  a  good  ground  is  always  assured. 

3.  Line  Grounds:  Iron  pipes  can  be  driven  to 
such  a  depth  that  the  lower  end  is  always  in  the  damp 
soil.  When  pipes  are  used,  the  wire  from  the  arrester 
should  be  soldered  at  the  top  of  the  pipe,  and  not  merely 
run  down  on  the  inside,  for  in  this  case  the  pipe  acts  as  the 
short  circuited  secondary  of  a  transformer  and  chokes 
back  the  flow  of  current  to  ground,  which  greatly  de- 
creases the  efficiency  of  the  arrester.  Arresters  that  are 
inclosed  in  iron  boxes  tend  to  produce  the  same  effect. 

4.  Short  straight  wires  should  go  from  the  line  to 
the  arrester,  and  from  the  arrester  to  ground.  All  curls 
or  twists  should  be  avoided.  If  a  turn  is  necessary,  sharp 
angles  should  be  avoided. 

5.  The  air  gaps  should  be  kept  clean  and  free  from 
any  foreign  substance. 

6.  All  jointa  should  be  carefully  soldered. 

7.  Arresters  should  be  installed  at  every  station  and 
substation,  to  protect  the  apparatus  there  situated. 

8.  Install  arresters  on  the  riser  pole  at  risers,  start- 
ing with  the  pot  head,  then  choke  coils,  then  disconnecting 
switches,  then  lightning  arresters^ — all  as  near  to  the  risers 
as  possible. 

9.  Install  arresters  on  the  first  pole  outside  of  sta- 
tion where  line  leaves  the  station  overhead. 

10.  Install  arresters  where  the  branch  lines  are 
tapped  off. 

11.  Erect  arresters  at  the  crest  of  hills. 

12.  Install  lightning  arresters  at  every  transformer 
of  ten  kilowatts  or  greater  capacity. 

13.  Wherever  lightning  arresters  are  used,  they 
should  be  connected  to  all  primary  lines,  together  with  a 
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low  voltage  arrester  on  the  neutral.  All  arresters  should 
be  installed  on  the  same  pole  and  connected  to  the  same 
ground  wire. 

14.  Lightning  arresters  should  be  placed  on  the  same 
pole  with  the  transformer  or  apparatus  which  they  are 
to  protect.  This  is  imperative  because  of  the  oscillating 
nature  of  surges  or  lightning  discharges. 

15.  Ground  wires  for  arresters  should  be  No.  6,  and 
should  be  covered  with  moulding  at  least  eight  feet  above 
the  ground  and  six  feet  from  the  lower  crossarm. 

16.  Install  arresters  on  every  electric  car  to  prevent 
damage  to  the  apparatus  on  the  car. 
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STREET  IMPROVEMENT  PLANNING  IN  EDGE- 
WORTH,  PA. 

By  E.  a.  Beck,  '13. 

The  average  small  municipality  appears  to  hold  two 
erroneous  views  concerning  street  improvents;  one,  that  a 
street  pavement  is  a  luxury,  the  other,  that  it  is  permanent, 
and  a  combination  of  the  two  is  often  responsible  for  re- 
sults which  prove  a  burden  to  the  community  for  years  to 
come.  The  eflFect  of  the  first  is  usually  that  paving  is  de- 
layed until  forced  by  more  than  actual  necessity  and  termi- 
nates in  a  type  of  improvement  (adopted  in  many  cases 
at  the  instance  of  abutting  property  owners  who  are  fre- 
quently biased  by  the  question  of  first  cost  and  who  in 
general  are  not  competent  to  pass  on  such  matters)  which 
frequently  proves  unsuitable,  unsatisfactory,  extravagant 
in  a  broad  sense,  and  forms  a  disturbing  unit  of  a  system 
of  which  it  sooner  or  later  becomes  a  part.  The  result  of 
the  second  is  even  more  detrimental.  With  a  false  sense 
of  security  in  the  belief  that  a  pavement  is  a  "permanent" 
improvement  in  the  sense  of  duration  instead  of  benefits 
from  the  advantages  of  a  well  improved  and  maintained 
highway,  the  feature  of  maintenance  is  neglected  until  it 
becomes  a  question  of  reconstruction.  In  brief,  street 
paving  is  done  with  a  fine  disregard  for  the  fundamental 
principles — improvements  being  made  which  bear  silent 
yet  continuous  testimony  to  the  lack  of  forethought  con- 
nected with  one  of  the  most  important  features  in  the  de- 
velopment of  any  community,  resulting  in  a  system  of 
highways  which  are  unsatisfactory  to  the  traffic  they  serve 
and  are  a  constant  expense  to  those  responsible  for  their 
maintenance. 

In  1914  the  Borough  of  Edgeworth  presented  a  strik- 
ing illustration  of  the  outgrowth  of  conditions  similar  to 
the  above.  The  street  surfaces,  roughly  classified,  consisted 
of  the  following:  Brick,  sand  filler,  on  concrete  base; 
macadam,  slag  aggregate,  rock  ashphalt  binder,  on  slag 
base;  macadam,  limestone,  rock  ashphalt  binder,  on  slag 
base;  plain  water-bound  macadam,  limestone;  water-bound 
macadam  on  telford  base;  original  sand  or  clay;  creek 
gravel ;  slag. 

The  slag  afforded  a  very  interesting  example  of  the 
result  of  conditions  heretofore  mentioned.  Prior  to  the 
incorporation  of  the  Borough  in  1914,  the  community,  by 
reason  of  its  natural  beauties,  began  to  attract  attention 
as  desirable  locations  for  suburban  homes  of  Pittsburgh's 
business  men.     Something  needed  to  be  done  to  improve 


Digitized  by 


Google 


Street   Improvement — Beck  95 

the  condition  of  the  existing  dirt  roads.  Slag  could  be 
had  for  the  freight  charges  and  the  Township  authorities 
in  charge  of  the  District,  whose  powers  and  finances  were 
limited  so  far  as  road  improvements  are  concerned,  saw 
a  way  toward  "improvements"  at  a  low  cost.  Holes  were 
filled  and  the  streets  covered  with  slag,  a  coating  of  varying 
width  and  thickness  being  applied  without  regard  to  drain- 
age, grades,  or  other  conditions,  the  whole  being  compacted 
by  traffic  and  in  some  cases  by  a  horse-drawn  roller,  the 
intent  being  to  furnish  a  "practical  improvement",  as  ex- 
pressed in  Court  by  one  of  those  originally  in  charge,  when 
the  question  was  tested  as  to  whether  or  not  this  work  con- 
stituted a  street  paving  in  the  legal  sense.  However,  the 
work  provided  relief  from  existing  conditions  to  a  certain 
extent  and  proved  very  satisfactory  for  the  time  being. 

The  brick,  rock  ashphalt  and  plain  macadam  were  laid 
within  the  conforming  to  prescribed  lines  and  grades.  The 
telford  macadam,  which  was  laid  by  the  County  prior  to 
these  latter,  followed  the  lines  of  least,  resistance;  both 
grades  and  lines  were  ignored,  the  lines  in  no  respect  con- 
forming to  the  street  boundaries. 

The  slag,  however,  furnished  the  strongest  example 
of  the  extravagence  of  a  so-called  economical  improvement. 
Subjected  to  changes  in  traffic  conditions,  which  work  or 
this  nature  cannot  and  is  not  intended  to  withstand,  the 
effects  soon  became  apparent,  and  the  Borough's  funds 
were  annually  expended  in  profitless  maintenance  to  the 
neglect  of  the  better  improvements.  The  result  was  that 
in  1914  all  of  the  highways  were  in  equally  bad  condition 
with  no  prospect  of  betterment,  and  this  in  spite  of  a  con- 
scientious expenditure  of  all  available  revenues  for  that 
purpose.  Facing  the  situation  squarely,  the  Borough  Coun- 
cil abandoned  the  former  policy  and  inaugurated  a  program 
along  advanced  lines.  A  survey  of  the  entire  situation 
was  made  and  the  following  facts  developed: —  That  the 
slag  streets  were  not  a  subject  for  repairs  but  of  construc- 
tion ;  that  the  telford  macadam  was  unsuited  for  the  partic- 
ular traffic  it  had  to  serve  and  renewal  in  kind  was  there- 
fore unwise ;  that  the  other  types  of  macadam  and  also  the 
brick  could  be  made  to  provide  sais factory  service  for  some 
time  to  come  by  proper  maintenance;  that  the  earth  and 
gravel  roads  were  cheap  only  in  dollars  and  cents  and 
costly  in  terms  of  annoyance,  inconvenience,  etc.  The 
popular  view  concerning  street  pavements  was  changed, 
street  improvements  were  decided  to  be  a  necessity  instead 
of  a  luxury,  and  when  physically  applied,  the  only  "per- 
manent" feature  being  the  repairs.  By  eliminating  useless 
repairs,  a  classification  of  the  estimated  revenues  and  ex- 


Digitized  by 


Google 


96  Purdue  Engineering   Review 

penditures  of  the  Borough  revealed  sufficient  balances  to 
adopt  a  regular  street  maintenance  plan  and  in  addition 
provide  an  annual  fund  sufficient  to  cover  approximately 
$30,000.00  worth  of  new  paving. 

The  brick  street  maintenance  expense  was  brought 
about  by  slides  and  direct  lack  of  drainage,  and  which  was 
remedied,  reducing  the  following  three  years*  maintenance 
expense  to  nothing  on  that  street.  The  macadam  main- 
tenance program  provided  for  complete  treatment  of  each 
street  as  a  whole,  biennially  or  triennially,  as  the  conditions 
of  each  individually  seemed  to  warrant,  the  streets  being 
grouped  so  that  the  annual  expenditure  would  remain  about 
constant.  In  general,  in  addition  to  repairs,  this  treatment 
consisted  of  a  bituminous  carpet  treatment,  the  technical 
features  of  which  are  too  extensive  to  detail  in  an  article 
of  thiss  character.  Suffice  it  to  say  that  the  principal  street 
so  treated  has  been  in  service  the  estimated  period  without 
expense  and  appears  to  be  in  condition  to  furnish  an  addi- 
tional year's  service. 

The  estimated  improvement  funds  were  deemed  suf- 
ficient to  adopt  an  improvement  program  which  would  re- 
sult in  paving  the  unimproved  streets  within  the  following 
five  years  and  with  the  maintenance  policy  adopted  would 
deliver  to  the  Borough  at  the  end  of  that  period  100%  of 
its  streets  improved  and  in  first-class  condition.  The  suc- 
cess to  date  may  be  judged  by  there  now  being  75%  of 
the  mileage  paved  and  in  good  condition,  a  little  ahead 
of  the  program. 

On  all  new  construction  an  effort  was  made  to  stand- 
ardize in  every  possible  respect  these  same  standards  be- 
ing adopted  in  part  or  to  as  great  an  extent  as  real  economy 
permitted  on  reconstruction.  Anticipating  the  necessity 
for  a  variation  in  the  character  of  surfaces,  two  types  were 
adopted  for  all  work,  brick  and  asphaltic  concrete,  each 
possessing  individual  characteristics  particularly  applicable 
for  the  streets  for  which  the  same  were  selected.  These 
two  were  selected  after  a  careful  study  of  the  various 
popular  tyes,  especially  with  reference  to  present  and  prob- 
able local  traffic  conditions,  and  the  selection  was  made 
principally  from  a  standpoint  of  "service,"  i.  e,,  the  ratio 
of  duration  to  cost  together  with  satisfaction  during  the 
period  of  duration.  The  results  of  experience  were  deemed 
sufficiently  well  established  and  conclusive  to  permit  a  safe 
estimate  of  the  probable  duration  of  any  particular  type 
of  present-day  pavement  under  certain  traffic  conditions. 
Satisfaction  during  duration  is  dependent  upon  many 
factors,  but  in  this  particular  Borough  hinged  on  the  sani- 
tary and  aesthetic.     It  follows  that  the  problem  became 
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more  or  less  a  ratio  of  duration  to  cost,  or  briefly,  economy, 
comparative  results  being  obtained  by  the  application  of 
the  following  formula: —  The  initial  cost  plus  a  sufficient 
additional  sum  which  at  5%  compound  would  cover  the 
estimated  maintenance  during  probable  duration,  divided 
by  the  estimated  period  of  duration.  The  brick,  while 
more  economical  in  most  cases  by  this  comparison,  was 
objectionable  for  certain  streets  for  aesthetic  reasons,  and 
in  these  cases  satisfaction  became  the  determining  factor, 
which,  after  all,  when  applied  to  community  life  in  all  its 
phases,  is  the  prime  incentive  for  the  establishment  of 
municipal  corporations. 

With  the  general  program  adopted  so  far  as  construc- 
tion was  concerned,  each  street  was  considered  individually, 
careful  consideration  being  given  the  present  and  prob- 
able traffic,  the  character  of  present  and  probable  residences, 
the  surroundings,  the  future  development  of  abutting  land, 
etc.,  and  the  improvement  made  to  harmonize  therewith 
without  sacrificing  any  essential  construction  features. 
Grades  were  established  with  particular  reference  to 
abutting  property  and  in  some  cases  where  unavoidable 
cuts  would  detract  from  nature's  beauties,  the  sidewalk 
grades  were  elevated ;  a  turf  terrace  between  the  walk  and 
street  pavements  giving  an  individual  touch  to  the  entire 
improvement. 

The  cartway  was  made  the  minimum  estimated  suf- 
ficient for  the  probable  traffic  during  the  life  of  the  pave- 
ment. It  is  of  interest  in  this  connection  to  note  that 
the  diflFerence  in  cost  between  pavements  of  the  widths 
in  the  ratio  of  i  to  ij/^,  plus  5%  compound  for  a  15- 
year  period  at  prevailing  local  costs,  will  resurface  in  kind 
the  former  and  in  addition  cover  the  cost  of  increasing 
same  to  the  latter. 

Where  storm  drainage  and  traffic  permitted,  curbs 
were  reduced  to  a  height  of  three  inches  except  at  street 
intersections,  and  with  the  sidewalk  at  a  higher  elevation 
permitted  an  attractive  treatment  of  the  parkway. 

On  all  streets  provision  is  being  made  for  the  eventual 
removal  of  all  overhead  service  lines  and  the  installation 
of  ornamental  electric  lighting  standards,  and  which  has 
been  completed  to  the  extent  of  about  three  miles.  Effort 
is  made  to  preserve  the  individuality  of  each  street. 

While  the  practical  features  of  improvements  have 
been  given  careful  consideration,  the  question  of  attractive- 
ness has  been  kept  in  mind  to  such  an  extent  that  the  com- 
pleted work  is  believed  to  represent  a  combination  of  the 
two  without  detriment  to  either. 
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ENGINEERING  EXPERIMENT  STATION. 

Purdue  University  may  soon  claim  an  Engineering 
Experiment  Station.  The  Board  of  Trustees  on  February 
28  approved  the  organization  of  such  an  institution,  the 
function  of  which  shall  be  "to  conduct  research  in  the  field 
of  engineering,  to  co-operate  with  engineering  societies  in 
conducting  industrial  investigation,  and  to  publish  and 
distribute  the  results  of  such  investigations  in  the  form  of 
bulletins  or  otherwise  as  may  seem  desirable.  The  heads 
of  the  engineering  schools,  together  with  the  Dean  of  En- 
gineering, are  to  constitute  the  Board  of  Management  of 
the  Experiment  Station  which  shall  determine  all  ques- 
tions of  policy,  designate  the  lines  of  research  to  be  un- 
dertaken, and  formulate  a  plan  of  operation."  An  annual 
budget  providing  for  necessary  funds  to  carry  on  opera- 
tions of  the  Station  will  be  submitted. 
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SCHOOL  OF  CIVIL  ENGINEERING. 

RESEARCH. 

A  number  of  investigations  have  been  in  progress  in 
the  Laboratories  for  Testing  Materials,  and  Hydraulics, 
during  the  past  year,  some  of  which  are  tests  of  various 
types  of  metal  lath,  tests  of  rolled  sheet  iron  metal  lum- 
ber, extensive  research  upon  the  effect  of  Hydrated  Lime 
admixtures  upon  the  strength  and  density  of  concrete, 
investigation  as  to  the  bonding  strength  between  brick 
and  mortars,  tests  upon  the  loss  of  head  in  spirally  riv- 
eted steel  pipe  from  4"  up  to  10"  in  diameter,  and  investi- 
gation of  the  loss  of  head  through  bends,  valves  and  other 
fittings. 

A  test  upon  a  full  sized  flat  slab  floor,  invented  by 
Edward  Smulski,  of  Boston,  was  made  on  the  campus, 
for  which  a  panel  40  foot  square  supported  on  nine  col- 
umns was  erected.  Eight  car  loads  of  brick  were  used 
as  loading  material. 

NEW    EQUIPMENT. 

The  Laboratory  for  Testing  Materials  has  recently 
installed  a  standard  machine  for  testing  toughness  of 
stone.  Professor  Scofield  has  developed  an  abrasion  test 
for  gravel  intended  for  use  in  roads. 

The  Trustees  recently  voted  an  appropriation  for  the 
construction  of  a  one  million  pound  testing  machine. 
This  will  enable  the  Laboratory  for  Testing  Materials  to 
engage  in  some  of  the  large  investigations  of  building 
material. 

STATE     SERVICE. 

Over  one  hundred  road  officials  were  in  attendance 
at  the  annual  Road  School  held  June  16-18.  A  series  of 
county  road  schools  were  held  in  February  under  the  di- 
rection of  the  Highway  Department. 

Professor  Hatt  was  a  member  of  the  Board  of  State 
Directors  of  the  Naval  Consulting  Board  which  made  an 
industrial  survey  of  Indiana  for  military  preparedness. 

GENERAL. 

The  freshman  class  this  year  is  nearly  50%  larger 
than  that  of  last  year. 

An  elective  course  in  Reinforced  Concrete  Engineer- 
ing was  offered  for  the  first  time  during  the  past  year.  A 
course  in  Architectural  Engineering  has  been  devised  and 
may  be  established  in  the  near  future. 
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The  department  has  had  a  large  number  of  inquir- 
ies for  men  having  some  engineering  experience.  The 
office  is  now  compiling  a  complete  list  of  graduates  and 
experience  in  order  that  future  inquiries  may  be  taken 
care  of. 

The  new  appointments  to  the  instructional  corps 
were  C.  L.  Gray,  '12,  and  M.  J.  Stinchfield,  '16,  as  assist- 
ants in  the  Testing  Laboratory. 


SCHOOL  OF  CHEMICAL  ENGINEERING. 

The  steady  growth  of  this  school  continues,  in  spite 
of  the  heavjr  curriculum.  A  growing  demand  for  gradu- 
ates is  evident  and  promotion  has  been  rapid. 

The  curriculum  has  been  improved  during  the  pres- 
ent year  by  permitting  members  of  the  senior  class  to 
substitute  Physical  Chemistry  for  Thesis,  thus  affording 
additional  opportunity  for  training  in  this  important  line. 

One  of  the  notable  features  of  the  year,  constituting 
a  recognition  of  the  standing  of  the  University  in  the 
field  of  Chemistry,  was  the  establishment  of  a  chapter  of 
the  honor  fraternity,  Phi  Lambda  Upsilon. 

The  establishment  of  the  Engineering  Experiment 
Station  should  in  time  prove  highly  beneficial  in  permit- 
ting this  school  to  assist  the  manufacturing  interests  of 
the  State  in  the  solution  of  some  of  their  problems. 


SCHOOL  OF  ELECTRICAL  ENGINEERING. 

PERSONNEL. 

Mr.  R.  V.  Achatz,  who  has  had  charge  of  the  work  in 
Telephone  Engineering  of  the  School  of  Electrical  En- 
gineering for  a  number  of  years,  has  been  advanced  to 
the  rank  of  Assistant  Professor  of  Telephone  Engineer- 
ing. He  is  devoting  much  of  his  time  to  the  course  in 
Corporate  Organizations  which  is  now  required  of  all 
seniors  in  the  School  of  Electrical  Engineering.  Messrs. 
L.  D.  Rowell  and  D.  D.  Ewing  have  been  made  Associ- 
ate Professors  of  Electrical  Enigneering.  Mr.  L.  L.  Bou- 
ton,  who  has  been  Assistant  in  the  School  for  two  years, 
and  who  completed  his  graduate  work  with  the  degree  of 
E.  E.,  has  resigned  during  the  year  to  take  up  research 
work  with  the  A.  T.  T.  Company  of  New  York. 
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NEW  HIGH  VOLTAGE  LABORATORY. 

As  a  result  of  recent  action  of  the  Board  of  Trustees, 
plans  are  being  made  for  a  new  high  voltage  laboratory 
involving  a  testing  transformer  which  will  provide  test 
voltage  up  to  500,000  volts.  This  transformer,  together 
with  auxiliary  control  equipment  and  extra  high  voltage 
measuring  device^  will  be  installed  in  an  extension  to  the 
Electrical  Building,  to  be  provided  during  the  coming 
year. 

RESEARCH. 

Research  investigations  have  been  undertaken  in  con- 
nection with  the  fixation  of  atmospheric  nitrogen  by  the 
silent  electric  discharge  method  at  high  voltages.  It  is 
expected  that  this  particular  process  may  offer  some  in- 
teresting information  in  connection  with  the  production 
of  nitrates  which  are  so  much  in  demand  at  the  present 
time.  A  comparative  study  is  also  being  made  of  the 
relative  efficiencies  and  operating  costs  of  gas  and  electric 
ranges  for  household  cooking  with  different  rates  charged 
for  electrical  energy. 

Traffic  studies  in  connection  with  local  street  rail- 
way systems,  together  with  those  in  Toledo,  Ohio,  and 
Indianapolis,  Indiana,  are  being  made  as  well  as  a  num- 
ber of  investigations  in  connection  with  rolling  stock 
equipment. 


SCHOOL  OF  MECHANICAL  ENGINEERING. 

During  the  year  this  school  has  had  the  use  of  $1,500 
worth  of  valuable  apparatus  for  carrying  on  thesis  work 
and  research  problems.  New  equipment  to  the  value  of 
$2,600  has  been  added  to  the  equipment.  Over  $500.00 
worth  of  equipment  and  material  for  exhibit  or  routine 
laboratory  work  has  been  received  from  friends  of  the  in- 
stitution. 

Forty-nine  lines  of  research  have  been  carried  on 
under  the  direction  of  members  of  the  teaching  staff. 
Eleven  articles  have  been  published  in  engineering  jour- 
nals and  proceedings  of  engineering  societies  on  subjects 
of  interest,  while  three  sets  of  instructional  notes  have 
been  printed  for  use  in  this  institution. 

RESIGNATIONS. 

Mr.  F.  C.  Goldsmith,  Instructor  in  Machine  Design, 
to  become  Chief  Engineer  of  the  Davis  Sewing  Machine 
Company,  Dayton,  O. 
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Mr.  H.  S.  Dickerson,  Professor  of  Mechanical  En- 
gineering, to  become  Head  of  Department  of  Mechanical 
Engineering,  Missouri  School  of  Mines,  Rolla. 

Mr.  W.  H.  Sevems,  Assistant  in  Mechanical  En- 
gineering, to  become  Assistant  Professor  at  the  Univer- 
sity of  New  Hampshire. 

NEW    APPOINTMENTS. 

H.  B.  Ensign,  B.  S.,  Purdue,  1914,  Instructor  in  Ma- 
chine Design,  and  J.  E.  Hannum,  Instructor  in  Mechani- 
cal Engineering,  Pennsylvania  State  College,  now  In- 
structor in  Industrial  Design  and  Engineering  Labora- 
tory. 

INCREASE   OF   TITLE. 

Mr.  A.  R.  Nottingham,  Instructor  in  Mechanical  En- 
gineering, has  been  made  Assistant  Professor  of  Experi- 
mental Engineering. 
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V-EYSTONE  engineers  have  "solved" 
more  seemingly  difficult  problems  in 
lubrication  each  year  since  we  have  been 
in  business  than  ordinarily  crop  up  in  the 
whole  lifetime  of  an  average  engineer. 
Our  service  staff  has  been  consulted  by 
some  of  the  foremost  men  in  the  pro- 
fession, ^  On  matters  pertaining  to 
lubrication,  our  investigations  are  not 
only  made  without  cost  to  you;  but  in- 
stead may  become  the  source  of  much 
profit  to  your  G>mpany. 


Some  of 
the 

Largest 
Cranes 

in  tke 

World 

NOW  BEING 
LUBRICATED 
WITH 

KEYSTONE 
GREASE 

Bethlehem  Steel  Co., 
South  Bethlehem,  Pa. 

American  Bridge  Co., 
Philadelphia,  Pa. 

Pressed  Steel  Car  Co. , 
Pittsburg,  Pa. 

American  Sheet  &  Tin 
Plate  Co. , 
Vandergrift,  Pa. 

Hnbbard  Steel  Foandries, 
East  Chicago,  Ind. 


Write  us  about  your  crane  troubles. 

Your  copy  of  the  booklet  "A.  B.  C.  of  Lubrication" 

is  ready  to  drop  into  the  mail. 

Keystone  Lubricating  Co. 


Executive  Office  and  Works 


Philadelphia,  Pa. 
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Boston 

Pittsburg 

Chicago  General  Office  and  Warehouse  for  Great  Britain 

Savannah  MANCHESTER.  ENGLAND 

Continental  European  Office,  Canadian  Officei. 

PARIS.  FRANCE  MONTREAL.  CANADA 

HALIFAX.    NOVA  SCOTIA 


New   Orleans 
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BUCKEYE  -  BEREA 


Machine  Dressed 

SANDSTONE  CURBING 

NATURE  has  eadowed  the  f«mout  Berea  Sandttone  with  the  qualities  of  a 
Perfect  Curbing. 

It  will  not  disintegrate. 

It  will  not  crack  nor  crumble. 

It  is  not  affected  by  Climatic  Conditiona  or^Soil  Acids. 

It  is  Pleasing  in  Appearance. 

It  will  outlast  several  Pavements. 

It  can  be  taken  up  and  reset  if  necessary. 

The  combinatioQ  of  these  qualities  place  "BUCKEYE- BEREA  "^  SAND- 
STONE CURBING  beyond  compariaoD  with  Uncertain  "  MAN-MIXED  "  Iraita- 
tion  Stone  Curbing. 

Nowhere  has  the  policy  of  buying  the  BEST  proven  more  satisfactory  and 
economical  than  in  the  purchasing  of  '*  BUCKEYE- BEREA  "  SANDSTONE 
CURBING. 

It  is  the  most  economical  becau^  it  is  the  moft  durable. 

"It's  Good  when  you  get  it  and  stays  good." 

Write  for  the  descriptive  *'  Buckeye- Bcrea  "  Booklet, 


Thb  Ohio  Quarries  Company 

CLEVELAND,  OHIO 
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A  COLLEGIATE  institution  fcunded  upon  an  act  of* 
Congress  of  July  2,  1862,  named  in  honor  ^oF  its 
bene&ctor,  John  Purdue,  a  citizen  of  LaFayette; 
aided  by  numerous  private  and  public  giAs;  maintained  by 
appropriations  £om  the  State  of  Indiana  and  the  United 
States;  offers  instruction  in  undergraduate  and  graduate 
courses  in  Science,  Agriculture,  Engineering  and  Pharmacy. 

The  institution  possesses  superior  resources  fer  con- 
ducting its  courses  of  instruction,  viz: 

An  Instructional  Corps  of  over  Two  Hundred  persons. 

An  Estate  of  over  One  Thousand  Acres. 

IVenty-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics,  Botany, 
Zoology,  Bacteriology,  Electricity,  Steam  Engineering, 
Locomotive  Engineering,  Civil  Engineering,  Hydraulics, 
Materials  Testing,  Practical  Mechanics,  Pharmacy,  Soil 
Physics,  Dairying,  Horticulture, Veterinary  Science,  Animal 
Industry  and  Experimental  Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  materials 
in  all  departments  of  unusual  extent  and  unique  character. 
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RECOVERY  OF  BY-PRODUCTS  FROM  BITUMIN- 
OUS COAL 

By  E.  C.  Plank,  'io  ^ 

It  is  not  intended  that  this  discussion  of  By-Product  re- 
covery from  coal  should  be  of  a  highly  technical  nature. 
Neither  is  it  the  desire  of  the  writer  to  claim  any  ex- 
tended original  research,  but  rather  to  describe  briefly  the 
operation  of  a  modern  By-Product  Coke  Plant,  and  per- 
haps at  the  same  time  to  point  out  a  few  factors  necessary 
to  efficient  operation  that  in  many  cases  are  apparently 
neglected. 

The  plant  referred  to  above  is  that  of  the  Gulf  States 
Steel  Company,  at  their  Alabama  City,  Ala.,  works.  It 
was  built  in  1916  by  the  H.  Koppers  Company  of  Pittsburgh, 
Pa.,  and  began  operation  April  i,  1917.  In  design  and 
equipment  it  represents  the  best  known  to  the  builders  at 
the  time  of  its  completion  and  applicable  to  a  plant  of  its 
size.  It  consists  of  37  Koppers,  cross  regenerative  type 
rectangular  ovens,  the  walls  of  which  are  made  of  high 
grade  silica  brick.  These  oven  chambers  measure  approxi- 
mately 37  feet  in  length,  10  feet  in  height,  and  taper  in 
width  from  17  inches  at  the  narrow  end  to  19J/2  inches  at 
the  wide  end. 

The  ovens  are  separated  from  one  another  by  a  series 
of  vertical  flues  in  which  the  fuel  gas  is  burned  to  provide 
the  heat  necessary  for  coking  the  coal.  Directly  under  each 
oven  chamber  is  an  individual  regenerator  where  the  air 
for  combustion  in  the  flues  is  preheated,  and  directly  be- 
neath each  row  of  flues  is  a  solid  brick  wall  separating  the 
regenerators.  This  wall  serves  as  a  strong  foundation  on 
which  the  flue  walls  rest  as  columns  to  support  the  roof 
of  the  ovens.  Since  the  flue  walls  themselves  are  strongly 
built,  this  form  of  construction  combines  strength  with 
saving  of  space,  since  intervening  walls  to  support  the  oven 
roof  are  eliminated,  and  the  distance  from  center  to  center 
of  the  ovens  is  reduced  to  a  mifiintum.  .. 
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In  the  top  of  each  oven  chamber  there  are  five  open- 
ings. One  at  the  extreme  end  of  the  oven  provides  an  out- 
let for  the  gaS'.    The  other  four  are  for  charging  the  coal. 

The  Koppers  oven  is  noted  for  the  simplicity  and  posi- 
tiveness  of  its  heat  control.  Each  flue  may  be  inspected 
so  that  any  tendency  to  local  overheating  may  be  corrected 
immediately;  uniformity  of  heating  and  uniformity  in  the 
quality  of  the  coke  are  thus  insured.  The  available  capac- 
ity for  coal  is  about  500  cubic  feet,  or  approximately  13 
tons.  This  charge  of  13  tons  yields,  on  the  average,  about 
ten  tons  of  Furnace  Coke,  used  at  the  Blast  Furnaces,  and 
less  than  a  ton  of  breeze  (fine  coke)  used  under  the  boilers 
as  fuel.  The  yield  of  by-products  approrximates  the  fol- 
lowing : 

For  every  ton  of  coal  charged  there  is  produced  yyi 
gallons  of  tar,  22  pounds  of  ammonium  sulphate  (or  in 
terms  of  NH3  about  5)4  pounds),  7000  cubic  feet  of  sur- 
plus gas  of  525  B.t.u.,  and  about  2.5  gallons  of  crude 
light  oil  (the  percent  of  volatile  matter  in  the  coals  used 
being  approximately  25.00).  From  this  light  oil  is  obtained 
by  refining  about  1.25  gallons  C.P.  Benzol,  0.30  gallons  C.P. 
Toluol,  and  varying  amounts  of  Solvent  Naphtha,  Xylol  and 
Napthalene. 

The  usual  coking  time  is  16  hours  and  30  minutes 
"net,"  or  17  hours  gross.  The  coal  used  is  an  Alabama 
coal  mined  at  Virginia  City,  and  is  very  clean,  jet  black, 
soft  and  friable,  and  possesses  excellent  coking  qualities. 
On  account  of  its  superior  coking  properties,  it  was  used 
alone,  even  though  the  percentage  of  volatile  matter  was 
comparatively  low.  The  coal  bed  in  which  Virginia  coal 
is  found  is  the  Pratt  in  the  Warrior  Field,  Carboniferous 
age,  Pottsville  group,  and  is  very  similar  to  the  coal  from 
the  Dolomite  Mine  described  on  page  339  in  Bulletin  No. 
22,  Bureau  of  Mines.  A  representative  analysis  of  the 
coal  is: 

Moisture  2.21 

Volatile  matter  24.60 

Fixed  carbon  * 68.53 

Ash    6.32 

Sulphur  1.06 

The  coke  produced  from  Virginia  coal  is  a  high  grade 
metallurgical  coke,  and  is  used  in  the  Blast  Furnaces,  the  re- 
results  obtained  there  being  very  satisfactory  and  superior 
to  any  bee-hive  coke  used  in  the  past.  It  is  very  firm, 
dense,  and  uniform  in  structure,  the  minimum  amount  of 
cross   fracturing  being  due  to  the  small  amount  of  slate 
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present  in  the  coal.    The  analysis  varied  but  slightly  from 
day  to  day,  and  is  represented  by  the  following : 

Moisture  2.47 

Volatile  matter : 0.90 

Fixed  carbon  90.02 

Ash 9.31 

Sulphur 0.92 

Shatter  test...76%  above  2"  (24  ft.  drop) 

The  excellent  results  of  the  plant  as  a  "coke"  plant 
are  made  possible  by  the  almost  positive  control  of  the 
heating  system.  Daily  attention  is  given  to  minimizing  any 
air  leakage  between  the  heating  flues  themselves,  as  well 
as  between  the  heating  flues  and  the  coking  chamber.  Due 
to  this  care,  as  well  as  to  the  design  of  the  ovens,  we  are 
able  to  maintain  an  even  and  uniform  distribution  of  heat 
throughout  the  entire  oven.  Consequently,  the  coke  is  of 
uniform  quality  and  structure.  This  exceptional  control  of 
oven  temperatures  not  only  has  made  it  possible  to  produce 
a  maximum  yield  of  good  furnace  coke,  but  has  had  a  de- 
cided bearing  upon  the  quality  and  amount  of  by-products. 

The  coal  is  unloaded  from  cars  into  a  track  hopper,  on 
to  a  belt  conveyor  which  elevates  it  into  the  crusher  build- 
ing, where  it  first  passes  through  a  rotary  screen  (Bradford 
Cleaner).  In  this  Bradford  Cleaner  all  slate,  bone  coal  and 
foreign  matter,  such  as  mine  car  links,  mule  shoes,  miscel- 
laneous wood,  metal  objects,  etc.,  are  removed  from  the 
coal.  Any  large  lumps  of  coal  too  hard  to  break  up  and 
pass  through  the  screen  pass  out  with  the  refuse  from  the 
Bradford. 

From  the  Bradford  Cleaner  the  coal  passes  into  a  ham- 
mer mill,  which  crushes  it  so  that  at  least  80  per  cent  will 
pass  through  a  J^-inch  mesh  screen.  The  crushed  coal  is 
carried  by  a  belt  conveyor  into  a  bin  or  bunker  located  above 
the  battery  of  ovens.  From  the  bunker  it  is  loaded  into 
a  charging  car,  weighed  accurately  on  a  standard  railroad 
track  scale,  and  at  regular  intervals  is  charged  into  the 
oven  chambers.  The  oven  chamber  is  then  sealed  as  nearly 
air-tight  as  possible.  The  gas  produced  is  led  by  a  **stand- 
pipe"  or  **off-take"  into  the  ''collecting  main,'*  which  re- 
ceives the  gas  from  the  entire  battery  of  ovens.  From  this 
"collecting  main"  the  gas  is  drawn  by  exhausters  located  in 
the  "By-Product"  house. 

Located  near  the  ovens  is  a  pressue  regulator,  operated 
electrically,  of  the  "Northwestern  Automatic  Governor" 
type,  maintaining  a  uniform  pressure  of  about  two  milli- 
meters, water  pressure,  on  the  collecting  main.  Between 
the  "collecting  main"  and  the  By- Product  building  is  a  set 
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of  tubular  water  coolers,  the  gas  passing  around  the  tubes 
and  the  water  through  the  tubes,  counter  current  to  the 
flow  of  water.  At  the  inlet  to  the  Primary  Coolers,  the  tem- 
perature of  the  gas  is  about  loo"^  C,  and  at  the  outlet  it  is 
approximately  20°  C.  During  the  passage  through  the 
coolers,  water  and  NH3  vapors,  together  with  those  of  a 
portion  of  the  tar,  condense  and  drain  into  the  '*Hot  Drain," 
a  tank  being  provided  for  that  purpose.  '  The  gas  then 
travels  through  the  "Exhauster,"  which  pulls  the  gas  from 
the  ovens,  through  the  mains  and  coolers,  and  is  then  forced 
through  the  remaining  apparatus.  It  is  first  forced  through 
the  "Tar  Extractor,"  where  several  perforated  baffle  plates 
cause  the  particles  of  tar  remaining  in  the  gas  to  collect 
and  drain  by  gravity  through  a  series  of  seals  into  the  "Hot 
Drain  Tank." 

A  portion  of  the  mixture  of  tar  and  NH3  condensate 
(weak  ammonia  liquor)  in  the  Hot  Drain  Tank  is  circulated 
through  the  oven  gas  collecting  main  in  order  to  cool  the  gas, 
to  prevent  the  formation  of  pitch  and  to  keep  all  of  the 
pipes  and  channels  clean  and  open,  while  the  remainder  of 
this  mixture  is  pumped  into  a  "Tar  and  Ammonia  Separat- 
ating  Tank,"  where  the  tar  and  ammonia  liquor  separate 
by  gravity  (decantation),  the  tar  flowing  into  the  Tar 
Storage  Tanks,  ready  for  shipment. 

According  to  H.  Koppers,  the  effective  removal  of  tar 
from  the  gas  cannot  well  be  done  by  mechanical  means  only, 
and  cooling  of  the  gas  is  necessary.  Having  thus  freed  the 
gas  from  tar,  it  is  possible  to  bring  the  dew  point  of  the 
gas  to  a  temperature  low  enough  for  good  results  in  the 
saturator,  where  the  NH3  vapors  react  with  the  sulphuric 
acid  in  the  usual  manner,  and,  on  account  of  the  dew  point 
being  brought  to  such  a  low  temperature,  the  acid  bath  in 
the  saturator  is  not  diluted  seriously  by  the  moisture  carried 
in  the  gas. 

From  the  "Tar  Extractor"  the  gas  passes  into  the  "Re- 
heater,"  where  the  temperature  is  raised  and  held  almost 
constantly  at  about  50°  C.  It  is  then  forced  through  the 
saturator  with  its  bath  of  sulphuric  acid.  The  strength  of 
this  bath  is  maintained  at  approximately  7.00^/f  H2SO4. 
The  saturator  throws  a  back  pressure  of  about  25"  (water). 

The  weak  ammonia  liquor  which  condenses  from  the 
gas  during  its  travel  from  the  ovens  and  through  the  Pri- 
mary Coolers  is  passed  through  a  still  where  the  ammonia 
is  driven  off.  the  NH.^  vapors  entering  the  oven  gas  main 
just  before  the  saturator,  and  are  converted  into  ammonium 
sulphate.  Thus,  the  Koppers  system  of  recovering  am- 
monia from  the  gas  is  the  so-called  "Semi-direct." 
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The  gas  leaving  the  saturators  passes  into  the  **Final 
Coolers,"  where  the  direct  application  of  water,  during  the 
cool  months  of  the  year,  cools  the  gas  to  20°  C,  or  less. 
This  sudden  cooling  of  approximately  25°  to  35°  causes 
the  major  portion  of  the  napthalene  to  drop  out  in  the 
coolers. 

From  here  the  gas  passes  into  the  ** Scrubbers,"  which 
are  cylindrical  tanks  10  feet  in  diameter  by  75  feet  high, 
and  filled  with  wooden  grids  placed  so  as  to  give  a  maximum 
amount  of  surface  exposure.  The  gas  enters  at  the  bottom 
of  the  scrubber  and  travels  upward,  meeting  a  spray  of 
petroleum  oil  entering  at  the  top,  the  gas  and  oil  traveling 
counter  current.  This  oil,  known  as  **\Vash"  or  "Absorbent 
Oil,"  has  the  quality  of  absorbing  from  the  gas  the  crude 
"Light  Oil,"  which  is  a  trade  name  for  a  mixture  of  Benzol, 
Toluol,  and  other  homologues  such  as  Xylol  and  Solvent 
Naptha.  When  the  gas  finally  leaves  the  last  scrubber,  all 
of  the  tar,  ammonia  and  light  oil  have  been  removed.  It 
then  travels  to  the  gas  holder,  from  which  a  part  returns 
to  the  ovens,  where  it  is  burned  in  the  heating  flues  to 
coke  fresh  charges  of  coal,  while  the  surplus  is  sent  to 
the  Steel  Plant,  where  it  is  used  in  heating  billets,  burning 
dolomite,  firing  steam  boilers,  etc. 

The  '"Wash"  or  "Absorbent  Oil"  used  in  absorbing  the 
Light  Oil  from  the  gas  is  a  petroleum  product  usually  known 
as  "Straw  Oil,"  of  which  at  least  90  per  cent  should  distil 
between  250  and  300  degrees  centigrade.  We  have  ob- 
tained the  best  results  from  Straw  Oil,  the  specific  gravity 
of  which  was  less  than  0.88  at  15°  Cent,  and  which  was 
readily  fluid  at  4°  Cent.  It  should  contain  no  Napthalene 
or  pitch,  and  must  have  a  good  solvent  action  on  benzols. 

The  Wash  Oil,  after  having  circulated  through  the 
scrubbers,  is  saturated  with  Light  Oil  and  is  termed  "Benzo- 
lized  Wash  Oil."  The  gas  entering  the  scrubbers  is  termed 
"Benzolized  Gas,"  and  that  leaving  the  scrubbers  is  called 
"Debenzolized  Gas."  The  Benzolized  Wash  Oil  flows  by 
gravity  into  the  Benzolized  Wash  Oil  tank,  whence  it  is 
pumped  through  a  heat  exchanger  where  its  temperature  is 
raised  to  about  40°  C.  It  then  travels  through  a  second  heat 
exchanger,  where  the  temperature  is  raised  to  about  75°  C. 
From  this  it  passes  through  a  superheater  and  enters  the 
"Light  Oil  Still"  at  a  temperature  of  approximately  150°  C. 
In  the  first  heat  exchanger  the  Benzolized  Wash  Oil  is  heated 
by  the  hot  vapors  leaving  the  Wash  Oil  Still.  In  the  second 
heat  exchanger — "Oil  to  Oil" — the  oil  is  heated  still  higher 
by  hot  oil  leaving  the  Wash  Oil  Still.  The  Wash  Oil  Still  is 
composed  of  a  series  of  superimposed  sections  or  cham- 
bers, as  in  common  distillation  practice.     The  heated  oil 
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flows  down  through  these  sections  while  steam  is  blown 
directly  into  the  lowest  section  and  travels  in  a  direction 
opposite  to  that  of  the  oil.  The  mixture  of  Benzol  and 
water  vapor  is  partially  rectified  in  the  upper  partition  of 
the  still  and  then  enters  the  **Oil  to  Vapor"  heat  exchanger, 
as  mentioned  before,  where  it  is  condensed  and  the  pre- 
heating of  the  Benzolized  Oil  is  affected.  The  remaining 
vapors  are  completely  condensed  and  the  total  condensate 
cooled  in  a  water  cooled  condenser.  The  Light  Oil  is  sepa- 
rated from  the  water  in  the  condensate  by  means  of  a  sepa- 
rator (continuous  decanter). 

The  Debenzolized  Wash  Oil,  after  leaving  the  still, 
passes  through  the  "Oil  to  Oil"  heat  exchanger,  where  it  gives 
up  a  portion  of  its  heat  to  the  Benzolized  Wash  Oil.  It  is  fur- 
ther cooled  in  water  coolers,  the  oil  being  inside  the  coils 
and  flowing  water  on  the  outside.  The  cooled  oil  is  then 
pumped  again  to  the  scrubbers,  thus  completing  the  cycle. 

In  the  earlier  Benzol  Plants  the  heating  and  cooling 
were  not  at  all  economical,  but  recent  installations  show  de- 
cided improvements  in  these  respects.  In  fact,  there  does  not 
seem  to  be  a  great  deal  of  room  to  improve  upon  the  economy 
of  heat  in  the  cycle  of  gas  treatment,  distillation  and  cool- 
ing, through  which  the  oil  passes.  (See  **Recovery  of 
Benzol  from  Gas,"  by  F.  W.  Sperr,  Jr.,  Chemist,  H.  Kop- 
pers  Company.) 

In  the  Koppers  system  it  is  calculated  that  the  devices 
for  heat  economy  reduce  the  steam  consumption  in  distill- 
ing the  enriched  or  Benzolized  Wash  Oil  by  more  than  80 
per  cent.  One  thousand  gallons  of  enriched  oil  77  to  284 
degrees  Fahr.  (1000  X  7-3  X  -537  X  2.7)  gives  811,440 
B.t.u.,  corresponding  to  840  lbs.  steam  at  full  pressure,  or 
per  1000  gal.  purified  benzols,  55  X  840  =  46,200  lbs.  of 
steam,  which,  at  two  cents  per  100  lbs.,  costs  $9.24;  of  this 
steam,  the  "Oil  to  Oil"  heat  exchanger  cooling  the  hot  de- 
benzolized oil  from  275  to  170  deg.  Fahr.  in  preheating  the 
enriched  oil  saves  per  100  gals,  enriched  (973  gal.  deben- 
zolized oil)  973  X  7-3  X  54  X  105  =  402,675  B.t.u.,  or 
417  lbs.  steam,  or  49.8  per  cent  of  the  total;  the  "Oil  to 
\'apor"  heat  exchanger  heating  the  cold,  enriched  oil  by 
the  benzol  vapors  and  setam  from  the  still,  adds  a  recovery 
of  about  256,000  B.t.u.  per  1,000  gallons  of  wash  oil,  equiva- 
lent to  265  lbs.  of  steam,  or  31.5  per  cent  of  the  total;  in 
the  two  heat  exchangers,  therefore,  the  total  saving  is  417 
+  265  =  682  lbs.  of  steam  per  1,000  gallons  of  enriched 
wash  oil  circulated,  or  37,510  lbs.  of  steam  for  every  1000 
gallons  of  purified  benzols  produced,  and  the  cost  of  steam 
for  this  purpose  is  reduced  from  $9.42  to  $1.72  per  1,000 
gallons  of  product.  ("Recovery  of  Benzol  from  Gas,"  by 
F.  W.  Sperr,  Jr.,  Chemist,  H.  Koppers  Company.) 
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"Further  economy  lies  in  the  saving  of  cooling  water 
circulation  that  would  be  required  to  cool  the  debenzolized 
Wash  Oil."  ('^Recovery  of  Benzol  from  Gas,"  by  F.  W. 
Sperr,  Jr.,  Chief  Chemist,  H.  Koppers  Company.) 

The  light  oil  flows  from  the  decanter  to  storage  tanks 
provided  for  the  same.  Frbm  here  it  is  pumped  into  what 
is  known  as  the  *'Crude  Still,"  similar  in  some  respects  to 
the  Light  Oil  Still.  The  light  oil  is  separated  into  crude 
fractions,  preliminary  to  washing  and  final  purification. 

This,  and  subsequent  distillations,  are  made  intermit- 
tently in  stills  of  large  capacity  (6,000  to  12,000  gal.),  which 
give  better  fractionations  than  are  possible  in  smaller  appa- 
ratus. The  continuous  type  of  still  has  not  been  found 
satisfactory  in  this  work.  The  crude  still  does  not  require 
the  elaborate  dephlegmator  that  is  necessary  on  the  final 
rectifying  stills.  The  heating  is  accomplished  by  means 
of  internal  steam  coils  and  a  direct  steam  spray.  The  Ben- 
zol and  Toluol  are  principally  distilled  oflf  by  indirect  heat, 
using  the  steam  coils,  and  the  higher  boiling  constituents, 
Xylol,  Solvent  Naptha,  etc.,  are  then  distilled  over  by  in- 
troducing steam  directly  into  the  still. 

After  the  Benzol,  Toluol,  Xylol  and  Solvent  Naptha 
have  distilled  oflf,  a  certain  amount  of  Wash  Oil  con- 
taining Napthalene  remains  in  the  Crude  Still  Tank. 
The  presence  of  Wash  Oil  is  due  not  only  to  mechanical 
trapping  of  the  heavy  oil  during  the  distillation,  but  also 
to  the  actual  distillation  of  some  of  its  original  constituents 
by  agency  of  the  direct  steam  used. 

The  Wash  Oil  from  the  Crude  Still  is  drained  into  a 
cooling  pan,  where  it  is  cooled  in  the  air  to  crystallize  out 
the  Napthalene.  It  is  then  drained  back  into  the  circulating 
tank  to  be  used  again  on  the  scrubbers. 

There  are  several  systems  of  fractionating  the  light 
oil  into  crude  portions.  The  two  systems  most  frequently 
found  are: 

First — That  recommended  by  the  research  laboratory 
of  the  *'Barrett  Company,"  who  handle  a  large  proportion 
of  the  coal  tar  products  made  in  the  United  States.  Ac- 
cording to  this  method  the  distillation  is  carried  on  thus: 

Up  to  80°  C. — Fore-runnings. 
♦30%  at  100°  C. — Crude  Benzol. 
*3oV<    at  130°  C. — Crude  Toluol. 
♦30 9r  at  160°  C. — Crude  Solvent  Naptha. 

205°  to  210°  C — Crude  Heavy  Solvent  Naptha. 

Residue — Wash  Oil  and  Napthalene. 


•These   distillates    are    sampled    by    catching;   a    "snap"    portion    fi:om    the 
condensate  stream  as  H  leaves  the  condenser. 
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Second — That  recommended  by  H.  Koppers  Company. 

In  this  system  of  crude  fractionation,  two  fractions 
are  made,  the  first,  or  **Crude  First  Fraction,"  the  stream 
test  of  which  at  the  close  of  the  fraction  shows  approxi- 
mately 30%  at  160°  C,  and  the  second  fraction,  "Crude 
Second  Fraction,"  which  contains  everything  above  the 
"Crude  First"  excepting  the  residue  left  in  the  still,  and 
which,  like  the  residue  left  by  the  Barrett  method,  consists 
of  Wash  Oil  and  Crude  Napthalene. 

A  choice  of  the  above  methods  of  Crude  Still  opera- 
tion depends  largely  upon  the  nature  of  the  Light  Oil  pro- 
duced, and  also  upon  the  facilities  provided  for  the  storage 
of  the  products.  In  some  plants  it  has  been  found  that  the 
"Two  Fraction"  or  *'Koppers"  method  is  objectionable  on 
account  of  the  difficulty  of  washing  the  "Crude  First  Frac- 
tion." This,  however,  depends  largely  upon  the  nature  of 
the  coal  charged.  In  the  coking  of  practically  all  coals  it 
has  been  found  that  the  condensable  hydro-carbon  vapors 
belong  almost  entirely  to  the  aromatic  series.  Benzol,  to- 
gether with  its  homologues,  Toluol  and  the  Xylols,  con- 
stitute over  859^ .  Other  substances  present  in  much  smaller 
amounts  are  carbon  disulphide,  thiophene,  pyridine,  naptha- 
lene, and  various  olefines  of  both  cyclic  and  open  chain 
structure.  Members  of  the  paraffin  series  of  hydro-car- 
bons are  almost  entirely  absent.  The  mode  of  formation 
of  these  compounds  in  the  destructive  distillation  of  coal, 
the  effect  of  various  conditions  of  carbonization,  such  as 
temperature  and  rate  of  heating,  on  the  character  of  the 
various  substances  formed,  and  the  variation  in  the  quality 
and  quantity  of  the  products  from  different  coals  are  sub- 
jects of  extreme  interest,  but  which  do  not  seem  to  be  ver>' 
well  understood.  However,  it  is  generally  found  that  the 
higher  the  percentage  of  compounds  above  Toluol,  the  more 
difficult  is  the  '^washing." 

In  the  Plant  of  the  Gulf  State  Steel  Company  the 
Koppers  method  has  been  used,  and  so  far  no  difficulties 
due  to  the  method  have  been  encountered. 

The  Crude  First  Fraction  is  charged  into  an  agitator 
where  small  amounts  of  commercial  sulphuric  acid — 66°  Be 
— are  added  to  the  crude  product.  After  each  addition 
of  acid  the  charge  is  agitated  thoroughly.  The  acid  and 
crude  product  being  thus  brought  into  intimate  contact,  the 
acid  polymerizes  most  of  the  impurities,  which  consist  of 
various  olefines  and  substances  of  similar  character,  to- 
gether with  certain  phenoloid  bodies.  This  results  in  the 
formation  of  resinous  substances  of  high  boiling  point,  part 
of  which  are  insoluble  in  the  Benzols  and  settle  out  with 
the  acid  in  the  bottom  of  the  agitator,  while  part  go  into 
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solution,  giving  the  Benzol  a  dark  brown  or  reddish  color. 
The  acid  sludge  is  drawn  off.  Caustic  Soda  is  then  added, 
in  order  to  remove  some  phenoloid  bodies  and  chiefly  to 
neutralize  any  traces  of  acid.  It  has  proven  best  to  wash 
with  water  after  the  last  acid  wash,  since  this  removes  a 
portion  of  the  remaining  acid  and  thus  effects  an  economy 
in  the  amount  of  soda  required.  The  final  product — 
"Washed  First  Fraction" — contains  all  0;  the  Benzol, 
Toluol,  Xylols,  and  Solvent  Naptha  (light).  This  product 
is  then  distilled  in  another  so-called  'Ture  Still,"  where 
the  dephlegmation  is  very  efficient.  The  fractionation  here 
is  so  well  regulated  and  controlled  that  the  "cuts"  are 
remarkably  close  and  the  percentage  of  ^^intermediate"  or 
"re-run"  fractions  are  exceedingly  small. 

The  pure  benzol  and  pure  toluol  are  of  such  a  grade 
that  in  the  case  of  benzol  the  entire  distillation  range,  from 
"First  Drop"  to  ''Dry,"  has  been  known  to  be  as  small 
as  1.2°  C,  and  95  per  cent  distilling  within  0.3°  Cent.  On 
toluol  the  total  range  has  been  as  low  as  1.3°  C.  and  95 
per  cent  within  0.4°  Cent.  Such  a  degree  of  purity  of 
products  is  due  largely  to  the  improved  design  of  the 
dephlegmators  on  the  newer  refining  stills. 

In  the  designing  and  laying  out  of  this  coke  plant,  the 
builder  omitted  nothing  applicable  to  an  installation  as 
small  as  this  that  could  count  for  efficiency  in  By- Product 
recovery,  in  so  far  as  mechanical  equipment  was  concerned. 
There  is  probably  no  coke  plant  built  previous  to  191 7  that 
so  nearly  represents  the  ideal  as  does  this  one.  It  was 
modeled  after  the  plant  which  at  that  time  (1916)  was 
considered  by  Koppers  Company  to  be  their  best,  excepting 
that  certain  features  were  here  added  which  were  considered 
superior  even  to  that  in  their  model  plant.  The  battery 
of  ovens  is  unquestionably  one  of  the  finest  in  the  country. 
The  heat  regulation  is  almost  perfect  and  thoroughly  flex- 
ible. The  design  and  workmanship  in  the  By-Product  De- 
partment, where  the  tar  and  ammonia  are  recovered,  the 
latter  as  sulphate  of  ammonia,  is  very  good.  The  benzol 
equipment  and  apparatus  is  well  designed  and,  while  not 
so  elaborate  as  that  in  some  of  the  larger  plants,  yet  it  is 
efficient  and  has  proven  to  be  capable  of  most  desirable 
results.  As  stated  before,  the  steam  economy  in  the  Ben- 
zol Department  is  remarkable.  The  facilities  for  cooling 
both  the  gas  ahead  of  the  scrubbers  and  the  debenzolized 
wash  oil  were  designed  with  a  large  factor  of  safety,  but, 
strange  as  it  may  seem,  the  climatic  conditions  appear  to 
have  been  ignored,  or  at  least  the  cooling  system  was  de- 
signed for  use  with  a  cooling  water  which  did  not  exist. 
Indeed,  if  cooling  water  with  a  maximum  temperature  of 
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20°  C.  were  available,  the  system  would  be  amply  able  to 
recover  all  light  oil  from  the  gas  with  a  high  degree  of 
efficiency.  On  the  contrary,  the  cooling  water  during  July, 
August  and  September,  19 17,  reached  an  average  daily 
temperature  of  more  than  30°  C,  whereas,  for  efficient  re- 
covery of  light  oil  from  the  gas,  both  the  washed  oil  and 
gas  must  be  kept  below  20°  C. 

Those  benzol  plants  located  near  the  Great  Lakes,  or 
where  ample  supplies  of  cool  underground  water  are  avail- 
able, are  most  fortunate  indeed.  It  has  been  the  history 
of  most  inland  benzol  plants  that  either  improperly  designed 
cooling  equipment  was  installed  or  the  supply  of  proper 
cooling  water  was  deficient,  or  in  some  plants  both  con- 
ditions existed. 

In  order  to  emphasize  the  vital  need  of  proper  cooling 
water,  an  hourly  and  daily  record  was  kept  during  the 
months  of  operation  in  1917  of  the  temperature  of  the 
cooling  water,  of  the  gas  at  the  inlet  to  the  scrubbers,  and 
of  the  wash  oil  as  it  left  the  wash  oil  coolers.  In  the  fol- 
lowing table  is  shown  the  monthly  averages  of  the  cooling 
water  temperature,  the  volatile  matter  in  the  coal  as  charged 
into  the  ovens,  and  the  recovery  of  light  oil  in  gallons  per 
net  ton  of  dry  coal: 

Coolinff  Per  Cent  Gals.  L.  O. 

Water  Temp..     Volatile  Matter        per  ton 
Month  Year  Degrees  Fahr.     in  Coal  Charge      of  Dry  Coal 

April    1917  19.30  23.69  1.86 

May  1917  21.17  25.29  2.35 

June  1917  27.32  24.88  2.1 1 

July   1917  29.88  25.07  1.92 

August  1917  29.52  25.23  1.99 

September  191 7  28.00  25.27  2.21 

October  1917  21.10  25.07  2.19 

November  1917  16.94  25.23  2.49 

December   1917  12.34       {    ^^^^       |     J^g 

January  1918  8.07  24.87  2.45 

February  1918  14.00  24.74  2.27 

The  variation  in  the  percentage  of  volatile  matter  in 
the  oven  coal  charge  is  due  to  small  amounts  of  high  volatile 
coal  which  was  used  during  certain  months.  In  the  middle 
of  December,  all  high  volatile  coal  was  discontinued  and 
Virginia  coal  alone  was  charged.  Consequently,  two  sets 
of  values  are  represented  for  that  month.  This  table  of 
values  is  shown  graphically  also. 
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A  glance  at  the  table  or  graph  shows  very  clearly  the 
monthly  falling  off  in  the  light  oil  recovery  as  the  tempera- 
ture of  the  cooling  water  increases.  It  is  significant  also 
that  during  the  latter  half  of  December  (1917)  and  January 
(1918),  after  all  high  volatile  coal  had  been  discontinued, 
the  yield  of  light  oil  shows  a  decided  increase.  Had  this 
high  volatile  coal  been  continued,  this  increase  in  yield 
would  have  been  still  more  marked. 

The  table  shows  an  average  yield  of  light  oil  from  the 
gas  during  eleven  months  of  the  operation  to  be  2.22  gal- 
lons per  net  ton  of  dry  coal.  At  the  same  time  an  average 
of  2.49  was  shown  for  November,  191 7.  Assimiing  that 
this  high  average  may  have  been  due  partly  to  the  higher 
percentage  of  volatile  matter  in  oven  coal  charge,  we  will 
use  the  average  of  2.45  in  January,  when  the  coal  charge 
consisted  entirely  of  Virginia  coal. 

2.45  —  2.22  ==  0.23  =  gain  in  light  oil  per  ton  of  dry 
coal,  due  to  efficient  cooling  water. 

For  an  annual  charge  of  250,000  tons  of  dry  coal, 
250,000  X  0.23  ==  57,500  ==  gallons  of  light  oil  lost  during 
the  year  on  account  of  insufficient  cooling  water.  Accord- 
ing to  our  yields  of  pure  products  from  light  oil, 

50%  of  light  oil  charged  -=  C.  P.  Benzol. 
13%  of  light  oil  charged  =  C.  P.  Toluol. 
50%  of  57,500  gal.  =  28,750  gals.,  C.  P.  Benzol. 
13%  of  57,500  gal.  =    7,475  gals.,  C.  P.  Toluol. 

Assuming  for  the  above  two  C.  P.  products  values  of 
35  cents  and  $1.50  per  gallon,  both  of  which  are  less  than 
the  actual  prices  paid  on  the  market  for  C.  P.  Benzol  and 
C.  P.  Toluol,  the  saving  in  money  would  have  been: 

28750  X  0.35  =  $10,062.50  on  Benzol,  and 
7475  X  1.50  =  $1 1,212.50  on  Toluol,  making  a 
total  annual  saving  of  $21,275.00. 

The  above  estimate  on  the  saving  or  gain  due  to  proper 
cooling  water  does  not  include  any  labor  needed  for  the 
handling  of  the  extra  gallonage,  because  the  present  labor 
force  would  not  have  to  be  increased.  However,  in  order 
to  be  strictly  accurate,  an  allowance  should  be  made  for 
additional  *'still-hours"  necessary  for  refining  the  above 
57^500  gallons  of  crude  light  oil.  If  this  extra  steam  con- 
sumption should  amount  to  $3,275.00,  and  it  would  be 
decidedly  less  than  that,  the  net  gain  would  then  be  $18,- 
000.00  per  year,  or  6  per  cent  interest  on  an  investment 
of  $300,000.00.  Or,  instead  of  employing  present  selling 
prices  of  Benzol  and  Toluol,  figure  the  Benzol  at  motor  fuel 
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value,  25  cents  per  gallon,  and  the  Toluol  at  $1.00  per  gal- 
lon— ^possible  post-war  prices — and  the  net  gain  would  still 
be  approximately  $12^,000.00  per  annum. 

In  order  to  be  fair  to  the  Giilf  States  Steel  Company, 
I  should  state  that  every  effort  is  being  made  now  to  secure 
desirable  water,  even  to  the  possibility  of  installing  artificial 
refrigeration,  since  deep  wells  so  far  have  developed  no 
adequate  supply  of  water.  Furthermore,  on  account  of  the 
prevalent  high  relative  humidity  of  the  atmosphere,  spray 
cooling,  either  in  reservoirs  or  towers,  does  not  promise 
much  relief.  This  is  only  one  of  many  illustrations  of 
plants  where  a  vital,  underlying  principle  of  operation  has 
been  neglected,  and  consequently  high  efficient  operation  is 
impossible. 

The  writer  visited  several  of  the  larger  coke  plants  in 
the  North  before  coming  South,  and  among  those  places 
visited  found  one  where  thousands  of  dollars  had  been 
expended  in  making  the  building  and  surroundings  beautiful 
and  pleasing  to  the  eye,  but  at  the  same  time  overlooked 
this  same  proposition  of  an  adequate  supply  of  proper 
cooling  water.  The  results  there  were  depldrable  indeed. 
The  poorest  month  at  the  Gulf  States  Plant  showed  1.86 
gallons  of  light  oil  per  ton  of  dry  coal,  with  coal  averaging 
26.69  P^r  cent  volatile  matter,  whereas  at  the  above  men- 
tioned plant  the  yield  of  light  oil  during  at  least  two  sum- 
mer months  averaged  less  than  i.oo  gallon  per  ton  of 
dry  coal  charged,  and  the  volatile  matter  in  that  coal  aver- 
aged 30.00  per  cent,  or  more. 

In  many  cases,  and  this,  doubtless,  is  true  to  a  large 
extent  of  the  above  plant,  the  yield  of  light  oil  is  seriously 
affected  by  temperature  and  other  operating  conditions  at 
the  ovens.  Perhaps  the  most  vital  source  of  loss  at  the 
ovens  is  the  temperature  of  the  upper  portion  of  the  oven 
chamber.  It  is  claimed  by  those  who  have  made  a  careful 
study  of  these  conditions  that  excessive  temperatures  at  this 
point  will  break  down  Toluol  into  lower  homologues,  that 
is,  into  Benzol.  It  has  not  been  the  writer's  opportunity 
to  make  any  exhaustive  study  in  a  quantitative  way  of 
such  conditions,  but,  upon  being  asked  to  base  a  probable 
yield  of  Benzol  products  upon  the  analysis  of  the  coal  to 
be  used,  and  operating  conditions  in  general,  it  did  not 
seem  probable  that  more  than  10  per  cent  of  the  total  light 
oil  could  be  converted  into  C.  P.  Toluol.  However,  since 
the  first  day  of  operation  of  this  plant,  it  has  been  our 
constant  effort  to  control  the  oven  "heats"  so  that  the 
top  of  the  oven — say  about  24  inches  down  from  the  top — 
should  be  slightly  darker  than  the  lower  portion.  The  light 
oil  for  eleven  months  has  averaged  appforximately  13  per 
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cent  C.  P.  Toluol.  I  believe  that  this  increased  yield  of 
Toluol  is  largely,  if  not  entirely,  due  to  the  comparatively 
cool  oven  tops. 

Another  precaution  mentioned  before  is  that  of  keep- 
ing the  oven  walls,  doors,  joints,  charging  lids,  etc.,  sealed 
tightly,  absolutely  leak  proof.  Upon  this  depends  in  a  great 
measure  the  quality  of  the  coke,  gas  and  all  by-products, 
yet,  in  the  plant  referred  to  above,  perhaps  half  of  all  doors, 
lids,  valves,  etc.,  were  leaking  gas  at  every  possible  open- 
ing, and  the  oven  tops  were  so  hot  that  the  guide  would  not 
permit  the  visitor  to  walk  across  the  top  of  the  ovens,  lest 
he  ruin  his  shoe  leather.  An  evidence  of  further  leakage 
inside  of  the  ovens  was  a  large  quantity  of  dense  black 
smoke  issuing  from  the  battery  stack. 

Only  a  few  of  the  outstanding  needs  of  careful  control 
and  constant  analysis  of  all  conditions  affecting  coke  plant 
operation  have  been  touched  upon.  There  are  innumerable 
places  in  each  of  the  three  main  departments,  Ovens,  By- 
product, and  Benzol,  where  the  need  for  close  observation 
and  study  is  very  vital.  Many  of  these  conditions  have 
never  been  fully  investigated  and  indeed  are  not  well  under- 
stood by  anyone.  Hence,  the  field  for  competent  and  reli- 
able research  is  a  large  one. 
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RADIO  TELEPHONY   AND  THE  TREND  OF 
DEVELOPMENT 

By  F.  F.  Hamilton,  '14 

It  must  be  remembered  that  radio  telephony  is  de- 
cidedly in  a  stage  of  experimentation,  but  great  advances 
have  been  made  in  the  past  few  years.  Inventors  the 
world  over  have  been  trying  to  develop  the  art  to  a  com- 
mercial standpoint.  Laboratory  wireless  telephones  have 
•  been  common  for  many  years,  and  today  most  any  physics 
laboratory  can  rig  up  a  workable  outfit. 

This  article  will  take  up  some  of  the  general  underly- 
ing principles,  so  presented  as  to  give  an  idea  of  what  lines 
have  proven  most  promisory  of  commercial  development. 

The  modern  Bell  telephone  as  we  know  it  is  a  highly 
specialized  commercial  device  that  can  be  depended  upon 
with  a  remarkable ,  degree  of  certainty.  The  simple  tele- 
phone for  example,  uses  a  microphone  which  transmits  the 
speech  from  vibrations  of  the  air  upon  its  diaphragm  and 
causes  similar  vibrations  in  a  metallic  electric  circuit  com- 
posed of  a  battery  and  a  suitable  receiver.  At  some  point 
in  the  circuit  or  at  the  other  end  of  the  line  is  another 
receiver  which  transmits  the  electric  waves  back  into  the  air 
as  voice  waves  again.  The  Bell  telephone,  however,  is  not 
a  voice  transmitter  of  the  highest  order  due  to  different 
pitched  waves  travelling  over  metallic  conductors  at  dif- 
ferent speeds.    This  is  very  noticeable  with  some  voices. 

Let  us  take  from  this  simple  telephone  circuit  the 
metallic  conductors  which  connect  one  station  with  the 
other  and  replace  them  with  the  ether  of  the  atmosphere. 
One  now  has  before  him  the  problem  that  is  known  as  radio- 
telephony.  The  next  problem  that  arises  is  that  of  the 
power  required  to  transmit  the  waves.  We  have  replaced 
metal  with  a  very'  high  resistant  medium  in  which  we  must 
use  electro-magnetic  waves.    This  requires  more  power. 

To  manipulate  this  power  by  the  use  of  a  common 
telephone  transmitter  is  in  itself  a  difficult  problem.  In- 
ventors have  used  all  sorts  of  microphones,  but  the  simple, 
rugged  carbon  microphone  has  proven  its  worth.  This 
microphone  can  handle  about  one-half  ampere  at  the  most 
and  keep  its  sensitiveness  for  a  limited  period.  The  next 
problem  that  arose  was,  therefore,  a  relaying  device  that 
would  relay  a  large  amount  of  power  when  operated  by  the 
microphone.  This  is  easy  to  do  in  wireless  telegraphy 
where  the  only  function  of  a  relay  is  to  close  a  circuit,  but 
in  telephony  the  relay  must  follow  along  the  curve  of  speech 
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transmitted  by  the  microphone.  Here  then  was  an  obstacle. 
One  solution  of  this  relaying  device  lay  in  the  use  of  a  direct 
current  resonant  arc  burning  in  an  atmosphere  void  of 
oxygen.  Various  kinds  of  arcs  were  used  with  success. 
The  arcs  were  high  voltage  affairs  with  small  currents  and 
were  connected  in  multiple  for  a  larger  power. 

The  arc  was  used  to  modulate  the  field  of  a  generator 
which  produced  the  large  power  required.  This  arrange- 
ment was  as  follows:  the  microphone  produced  the  vibra- 
tions from  the  air  and  placed  them  within  the  electric  cir- 
cuit. The  vibrations  were  then  used  to  modulate  the  current 
of  the  resonant  arc,  which  in  its  turn  modulated  the  field 
current  of  the  generator. 

In  order  to  get  a  good  idea  of  the  requirements  of  such 
a  generator  let  us  look  into  the  wireless  telegraph  field. 
Each  station  has  its  sending  apparatus  working  on  a  sharply 
tuned  wave  of  single  frequency  and  of  a  pure  form.  The 
antenna  circuit  sends  out  a  pure  wave  at  a  definite  wave 
length,  which  antenna  circuit  is  closely  tuned  to  the  sending 
or  closed  oscillation  circuit.  In  telephony  it  would  seem 
that  we  must  send  out  many  wave  lengths  in  order  to  trans- 
mit speech.  This  is  true  only  in  part.  Such  an  apparatus 
would  be  both  clumsy  and  inefficient  because  resonance  must 
be  had  at  each  different  wave  length.  If  an  antenna  circuit 
is  not  tuned  sharply  to  the  closed  oscillation  circuit  the 
whole  becomes  inefficient. 

Therefore,  inventors  looked  to  the  high  frequency  gen- 
erator of  from  20,CKX)- 1, 000,000  cycles  per  second.  This 
is  a  generator  which  has  its  field  current  modulated  by  the 
arc.  It  generates  a  high  frequency  current  which  is  induced 
into  the  antenna  circuit  at  such  wave  length  as  to  correspond 
to  the  natural  frequency  of  the  antenna.  The  sending  outfit 
although  complex  in  its  form  sends  out  a  pure,  sharp  wave 
of  say  50,000  cycles  per  second. 

The  development  of  a  generator  which  will  produce  a 
frequency  of  50,000  cycles  per  second  has  been  a  source  of 
much  study  by  many  inventors  and  engineers  without  the 
result  of  producing  a  really  commercially  efficient  machine 
that  can  be  sold  at  a  moderate  price.  However,  the  manu- 
facture of  a  generator  of  10,000  cycles  a  second  is  a  com- 
mercial possibility,  and  in  practice  the  frequency  has  been 
stepped  up  by  means  of  static  transformers.  This  arrange- 
ment is  only  applicable  to  large  amount  of  power. 

But  why  take  such  a  frequency  when  it  is  so  hard  to 
produce?  The  human  ear  is  the  reason;  it  is  sensitive  to 
frequencies  between  40  and  20,000  cycles  per  second."  If 
the  ear  was  not  sensitive  to  frequencies  above  5,000  the 
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problem  would  be  much  simpler.  Then  the  sending  machine 
must  produce  a  fundamental  frequency  above  that  which 
can  be  heard  or  there  will  be  a  difficulty  at  the  receiving 
end. 

Let  us  take  an  example  of  a  sending  machine  composed 
of  the  proper  circuits  of  inductances  and  capacities  to  give 
resonance;  a  microphone,  an  arc,  and  a  high  frequency 
generator  outfit.  The  apparatus  is  running  and  distributing 
the  ether  with  a  pure,  sharp  wave  of  50,000  cycles  per  sec- 
ond. Now,  if  one  speaks  into  the  microphone,  the  dia- 
phragm will  be  disturbed,  which  affects  the  electric  balance 
all  the  way  through  the  apparatus  and  the  generator  wave 
is  modulated  in  amplitude  to  correspond  to  the  nodes  and 
anodes  of  the  spoken  wave  form.  The  voice  wave  is  then 
made  to  ride  upon  or  modulate  the  amplitude  of  the  sending 
wave  of  the  high  frequency  generator.  This  allows  the 
circuit  to  be  tuned  on  one  wave  length  and  at  the  same  time 
to  send  out  what  is  heard  at  the  other  end  or  receiving 
station  as  voice  waves.  The  voice  waves  are  almost  always 
pure  and  distinct  because  all  frequencies  travel  at  the  same 
speed  in  the  ether.  It  can  readily  be  seen  that  the  higher  the 
pitch  of  the  sending  wave  or  fundamental  the  more  nodes 
and  anodes  there  are  to  any  one  cycle  of  voice  wave.  There 
are  other  considerations  of  wave-length  that  make  them- 
selves prominent  which  results  in  keeping  the  fundamental 
as  low  as  possible. 

This  apparatus  is  not  perfect  but  is  the  best  that  has 
been  developed  as  far  as  principle  is  concerned.  Just  lately 
an  electron  relay  of  the  vacuum  type,  known  as  a  Fleming 
valve,  has  been  developed  which  will  within  itself  modulate 
about  two  kilowatts  of  energy  which  in  turn  has  been  modu- 
lated by  the  microphone.  This  valve  is  a  great  step  toward 
perfecting  the  sending  apparatus,  for  arcs  are  troublesome 
at  best  and  cannot  always  be  relied  upon  the  instant  that 
one  needs  them.  These  valves  are  easy  to  operate  and 
are  almost  fool-proof,  but  they  are  more  delicate  than  the 
arc  and  produce  better  modulation.  The  commercial  name 
of  this  valve  is  Pliotron. 

For  small  distances  the  Pliotron  can  be  connected  in- 
ductively to  the  antenna  circuit  and  made  to  produce  tele- 
phonic communication  of  the  first  order.  In  this  form  the 
sending  station  sends  out  waves  without  the  use  of  a  high 
frequency  generator,  for  the  Pliotron  takes  care  of  that 
within  itself.  For  large  powers  these  Plitorons  can  be  used 
instead  of  the  high  frequency  alternator  and  will  in  all 
probability  antiquate  it  very  soon.  The  arrangement  is  as 
follows:  a  microphone  modulates  a  single  Pliotron  which 
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in  turn  modulates  a  bank  of  Pliotrons  inductively  connected 
to  the  antenna  circuit.  We  may  soon  see  the  development  of 
a  yet  larger  therminic  valve  artificially  cooled  which  will 
handle  5-10  kw.  Such  a  size  would  be  sufficient  for  all  ship 
stations,  for  it  is  aboard  ship  that  the  wireless  telephone  will 
be  used  to  great  advantage.  The  commercial  message  is 
generally  secret  and  in  code  so  why  substitute  a  wireless 
telephone  for  a  wireless  telegraph  ?  At  sea  the  more  stations 
that  understand  the  message  the  more  the  co-operation  that 
can  be  had. 

The  receiving  of  wireless  telephonic  messages  has  been 
solved  very  satisfactorily.  The  instrument  consists  of  an 
antenna  circuit  inductively  coupled  to  a  closed  resonant 
circuit  in  which  is  located  a  detector  and  a  pair  of  phones. 
There  are  several  detectors  that  have  proven  successful, 
Fessenden's  electrolytic,  and  lately  the  audion,  audiotron, 
and  the  kenetron. 

All  the  above  apparatus  is  somewhat  complicated  as  a 
whole  but  today  is  taking  a  commercial  form,  which  neces- 
sitates ruggedness  and  dependability.  By  some  of  the  above 
methods  articulate  speech  has  been  transmitted  several 
thousands  of  miles. 

Although  there  are  many  developments  now  that  are 
kept  secret,  the  wireless  telephone  is  waiting  for  the  present 
crisis  to  pass  over,  after  which  one  will  see  many  small 
stations  spring  up  as  did  wireless  stations  a  few  years  ago. 
These  stations  owned  by  scientists,  near  scientists  and  lark- 
sters  will  be  a  great  help  in  stimulating  the  development 
of  scientific  minds  among  our  youth.  Let  us  hope  that  we 
may  soon  have  the  freedom  of  the  ether  that  we  did  a  few 
months  ago. 
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NOTES  ON  INDUSTRIAL  EXPLOSIVES 

By  D.  M.  Jackman,  'ii 

Despite  the  fact  that  explosives  are  widely  and  gen- 
erally used  there  are  so  few  persons  who  have  a  real  knowl- 
edge of  their  nature,  manufacture,  properties  and  uses, 
and  indeed  so  many  entirely  erroneous  impressions  are 
commonly  held  in  regard  to  them,  that  the  writer  believes 
he  can  do  no  better  in  attempting  a  contribution  to  the 
Purdue  Engineering  Review  than  to  write  a  simple  article 
in  rather  a  non-technical  style  on  the  subject  of  explosives, 
with  special  regard  to  thbse  used  in  engineering. 

This  lack  of  understanding  of  explosive  materials  is 
due  to  a  number  of  causes,  chief  among  which  is  the  fact 
that  most  reference  books  treating  the  subject  are  old  and 
out  of  date,  and  the  very  general,  but  largely  unfounded, 
feeling  that  explosives  are  essentially  dangerous  and  should 
be  avoided  whenever  possible. 

This  is  a  subject  which  should  be  of  interest  to  engi- 
neers and  engineering  students,  for  there  arise  many  in- 
stances where  costs  might  be  reduced  by  using  explosives 
rather  than  to  attack  the  problem  by  other  methods,  and 
again  in  many  cases  where  there  is  no  question  as  to  the 
necessity  of  using  explosives,  the  choice  of  the  explosive 
used  will  have  an  important  bearing  upon  the  success  of  the 
undertaking.  In  this  article,  both  because  of  the  breadth 
of  the  subject  as  compared  with  the  space  permitted,  and 
also  because  of  the  fact  that  many  features  of  the  explosives 
industry  are  regarded  as  trade  secrets,  no  attempt  will  be 
made  to  discuss  the  manufacture  of  explosives,  but  only 
to  give  an  impression  of  their  types,  properties  and  uses. 

It  is  hardly  necessary  to  define  what  is  meant  by  the 
term  explosive,  but  we  may  say  that  any  substance  or  mix- 
ture is  an  explosive  if  it  is  capable  of  being  made  to  undergo 
a  sudden  chemical  change  with  the  liberation  of  energy  and 
development  of  high  gas  pressures.  It  will  be  noted  that 
we  have  spoken  of  a  sudden  chemical  change.  Probably 
most  persons  without  stopping  to  consider,  would  say  that 
all  explosions  are  instantaneous,  and  that  one  explosive  acts 
as  quickly  as  another.  It  will  be  explained  later,  however, 
that  there  is  a  great  difference  not  only  in  the  manner,  but 
also  in  the  speed  with  which  different  explosives  act,  and 
that  this  is  a  very  important  factor  to  be  considered  in 
selecting  an  explosive  for  a  given  duty. 

Chemically,  explosives  may  be  divided  into  three  classes, 
as  follows: 
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1.  Mixtures  of  two  or  more  substances  which  are 
capable  of  being  made  to  react  to  produce  the  ex- 
plosion. One  of  these  substances  is  essentially  an 
oxidizing,  and  the  other  a  reducing  agent.  The 
best  example  of  this  type  is  the  old-fashioned 
black  powder,  consisting  of  potassium  nitrate,  sul- 
phur and  charcoal. 

2.  Chemical  compounds  which  can  undergo  a  break- 
ing up  of  the  molecule  and  rearrangerhent  of  the 
atoms  into  other  molecules,  with  evolution  of  heat. 
Examples  of  this  type  are  nitro-glycerin,  nitrocel- 
lulose, and  T.  N.  T. 

3.  Chemical  compounds  which  decompose  into  their 
elements  with  explosive  violence.  Examples  of 
this  type  are  mercuric  fulminate  and  the  so-called 
lead  azide. 

All  three  o  fthe  above  classes  have  members  which  are 
commercially  important. 

DEFLAGRATING   AND  DETONATING   EXPLOSIVES 

If  we  classify  explosives  according  to  their  manner 
of  exploding  we  have  only  two  classes,  with  no  very  sharp 
line  drawn  between  them.  These  are  the  explosives  such  as 
black  powder  and  smokeless  powder,  which  merely  bum, 
the  reaction  taking  place  only  on  the  surface ;  and  those  such 
as  dynamite,  nitroglycerin  and  T.  N.  T.,  in  which  the  re- 
action occurs  almost  instantaneously  throughout  the  entire 
mass.  Explosives  of  the  latter  type  are  said  to  detonate. 
The  phenomenon  of  detonation  is  one  which  is  not  well 
understood,  and,  as  has  been  said,  no  sharp  line  can  be 
drawn  between  detonation  and  mere  burning,  because  under 
certain  conditions  the  rate  of  burning  of  some  explosives 
can  rise  to  such  a  point  that  it  practically  amounts  to  a 
detonation.  Some  explosives,  in  fact  many  of  them,  can 
be  made  either  to  burn  or  detonate,  depending  on  conditions. 
So,  while  it  will  be  seen  that  the  difference  between  burn- 
ing and  detonation  is  a  difference  of  degree,  rather  than 
of  kind,  and  while  no  sharp  line  can  be  drawn,  the  distinc- 
tion is  easily  justified  by  the  fact  that  some  explosives 
always  explode  by  detonation,  while  others  cannot  be  made 
to  detonate,  and  by  the  additional  fact  that  the  effects  pro- 
duced by  burning  and  detonating  explosives  are  radically 
different.  It  must  not  be  understood  that  detonation  is  an 
instantaneous  phenomenon,  nor  that  it  takes  place  through- 
out the  mass  of  an  explosive  at  absolutely  the  same  time. 
A  detonation  starts  from  a  given  point  and  travels  away 
from  that  point  in  all  directions  throughout  the  mass  of  the 
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explosive,  with  a  velocity  which  is  measurable,  and  which 
depends  upon  the  nature  and  density  of  the  explosive.  The 
velocity  with  which  the  wave  of  detonation  travels  in  com- 
mercial dynamite  varies  from  5,000  to  20,000  feet  per 
second,  depending  on  the  nature  of  the  powder,  and  the  use 
for  which  it  is  intended.  The  different  effects  produced 
by  different  explosives  are  largely  dependent  on  their  rates 
of  detonation. 

SENSITIVENESS   OF   EXPLOSIVES 

Another  property  of  explosives  which  is  of  great  tech- 
nical importance  is  their  sensitiveness.  The  importance  of 
this  property  manifests  itself  in  two  ways,  only  one  of  which 
is,  perhaps,  sufficiently  obvious  to  be  apparent  at  first 
thought.  It  is  very  evident  that,  if  an  explosive  is  too 
sensitive  to  shock,  friction  or  heat,  it  will  be  dangerous, 
but  that  is  only  one  side  of  the  question.  There  are  a  num- 
ber of  substances  which  are  good  and  powerful  explosives, 
which  are  so  insensitive  that  they  can  be  made  to  explode 
only  with  the  utmost  difficulty  or  by  very  special  means. 
Ammonium  nitrate  is  perhaps  the  best  example  of  this  sort. 
It  is,  when  properly  used  and  in  normal  times,  one  of  our 
best,  most  powerful,  and  cheapest  explosives,  but  it  is  so 
insensitive  that  many  persons  would  probably  not  think 
of  it  as  an  explosive.  One  may  strike  it  on  an  anvil  with  a 
hammer,  and  merely  crush  it ;  heat  it  in  a  fire  and  it  simply 
and  quietly  decomposes  into  nitrous  oxide  and  water  vapor ; 
yet  by  the  proper  means  it  can  be  detonated  with  almost  as 
great  violence  as  nitroglycerin.  On  account  of  the  extreme 
difficulty  with  which  it  is  detonated  in  the  pure  state,  it  is 
generally  used  in  dynamite,  admixed  with  other  ingredients 
and  enough  nitroglycerin  to  make  the  mixture  easily  de- 
tonated. 

The  sensitiveness  of  an  explosive  is  independent  of  its 
other  properties,  and  stands  in  no  definite  relation  to  the 
strength.  An  example  has  just  been  given  of  a  very  power- 
ful explosive  which  is  so  insensitive  that  it  would  hardly 
be  regarded  as  being  an  explosive  by  most  persons,  and  on 
the  other  hand  we  have  mercury  fulminate  and  the  so-called 
nitrogen  iodide,  which  are  extremely  sensitive,  but  com- 
paratively weak  explosives.  The  latter  substance  is  of  no 
practical  importance,  but  serves  well  as  an  illustration  of 
a  very  sensitive  explosive,  being  so  very  sensitive  to  fric- 
tion and  shock  that  when  touched  with  a  feather,  or  even 
when  a  gentle  current  of  air  is  blown  upon  it,  it  detonates 
sharply. 

A  few  words  might  profitably  be  said  about  the  sensi- 
tiveness of  commercial  explosives,  and  what  is  necessary 
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to  cause  their  detonation.  Black  powder  burns  quickly  if 
ignited  in  the  open,  but  explodes  if  confined.  Smokeless 
powder  behaves  in  the  same  manner,  but  in  general  burns 
more  slowly,  depending  on  its  physical  form.  Dynamite 
when  ignited  almost  always  burns  quietly,  and  even  more 
slowly  than  smokeless  powder,  but  occasionally  explodes. 
The  sensitiveness  of  dynamite  to  shock  is  much  less  than 
is  commonly  supposed.  The  writer  well  remembers  the 
care  and  delicacy  with  which  he  first  dandled  dynamite, 
fearing  that  if,  for  example,  a  cartridge  should  fall  from 
his  hand  and  strike  the  floor,  an  explosion  would  result. 
As  a  matter  of  fact,  a  cartridge  might  fall  from  the  top 
of  a  twenty-story  building  and  strike  the  pavement  below 
without  great  danger  of  an  explosion.  There  would  be  a 
possibility  of  its  exploding,  although  it  would  be  small. 

If  Nobel  had  not  discovered  that  mercuric  fulminate 
will  cause  the  detonation  of  nitroglycerin,  the  development 
of  the  explosives  industry  would  have  been  delayed  for 
many  years,  and  if  no  substance  having  a  similar  action  had 
ever  been  discovered,  there  never  could  have  been  an  ex- 
plosives industry  as  it  is  now  known.  This  is  because  dyna- 
mite can  be  detonated  in  a  manner  which  is  satisfactory 
to  the  quarryman,  the  minter,  the  farmer,  and  the  engineer 
only  by  the  detonation  of  some  other  substance  such  as 
mercuric  fulminate,  or  the  so-called  lead  azide.  A  fuse 
will  not  properly  explode  dynamite,  but  it  will  cause  the 
explosion  of  a  small  quantity  of  mercuric  fulminate,  which 
in  turn  will  explode  the  dynamite.  Hence,  we  have  the  so- 
called  blasting  cap,  or  the  electric  detonator.  A  blasting 
cap  consists  of  a  small  capsule  of  copper,  into  which  is 
packed  a  charge  (usually  about  one  gram)  of  mercuric 
fulminate,  or  a  mixture  of  four  parts  of  mercuric  fulminate 
to  one  of  potassium  chlorate.  The  electric  detonator  is 
exactly  the  same  as  the  blasting  cap,  save  that  instead  of 
being  used  with  a  fuse,  it  is  exploded  by  an  electric  current. 
Owing  to  the  costliness  of  mercuric  fulminate,  other  sub- 
stances such  as  lead  azide,  (PbNo),  which  is  a  salt  of  hydro- 
nitric  acid,  (NH3),  T.  N.  T.,  tetra-nitro-aniline,  and  other 
explosives  which  have  been  tried  as  substitutes  for  mercuric 
fulminate  in  the  manufacture  of  detonators,  with  more  or 
less  success,  but  apparently  they  have  so  far  failed  to  prove 
themselves  equal  to  it. 

The  action  of  these  substances  in  bringing  about  the 
detonation  of  other  explosives  is  an  interesting  one,  and  is 
not  well  understood.  Mention  has  been  made  of  the  fact 
that  mercuric  fulminate  has  been  found  most  satisfactory 
for  practical  use,  but  that  other  substances  had  been  tried 
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with  varying  degrees  of  success.  Of  many  substances  which 
have  been  tried,  only  a  few  have  the  ability  to  detonate 
other  explosives.  The  reason  for  this  is  not  known.  Nitro- 
manite,  diazo-benzene-nitrate,  sulphur-nitride,  (N4S4), silver 
hydronitride,  trimercuraldehyde-perchlorate,  and  basic  mer- 
cury nitro-methane  are  all  powerful  explosives,  the  first 
three  being  much  more  powerful  than  the  others,  but  of  all 
these  only  the  fourth  and  fifth  have  any  marked  ability  to 
cause  other  explosives  to  detonate.  We  cannot  even  say 
that  there  is  any  one  of  the  explosives  which  do  detonate 
other  substances,  which  is  more  eflfective  than  any  other,  for 
while  one  of  the  initial  detonators  which  we  shall  call  A 
may  be  more  eflfective  than  B  in  detonating  a  secondary 
explosive  C,  on  the  other  hand  B  may  be  more  eflfective 
than  A  in  detonating  another  secondary  explosive  D.  For 
instance,  mercuric  fulminate  is  a  better  detonator  for  nitro- 
glycerine than  is  silver  hydronitride,  but  at  the  same  time  .25 
gram  of  mercury  fulminate  is  required  to  detonate  picric 
acid,  while  .02  gram  of  silver  hydronitride  will  suffice.  No 
satisfactory  explanation  of  this  phenomenon  has  ever  been 
oflfered. 

DYNAMITE 

Another  incorrect  impression  prevails  as  to  the  mate- 
rials of  which  dynamite  is  made.  There  is  a  very  general 
belief  fostered  by  the  older  text  and  reference  books  that 
dynamite  consists  essentially  of  nitroglycerine  absorbed  in 
infusorial  earth  or  kieselguhr.  As  a  matter  of  fact,  kissel- 
guhr  is  never  used  in  this  country  at  the  present  time  as  an 
absorbent,  but  almost  any  other  porous  or  absorbent  mate- 
rial may  be.  The  absorbents  used  at  the  present  time  are  all 
of  the  so-called  active  type;  that  is,  instead  of  using  an 
inert  substance  such  as  kieselguhr  to  absorb  the  nitro- 
glycerin, a  mixture  of  wood  pulp,  corn  meal,  sulphur, 
ground  coal  or  other  combustible  substance,  and  some  oxid- 
izing substance  such  as  sodium  nitrate,  ammonium  nitrate, 
or  potassium  nitrate,  is  used  as  the  absorbent.  The  advan- 
tages of  this  procedure  are  obvious.  If  we  use  an  inert 
absorbent,  we  must  depend  for  our  explosive  power  en- 
tirely upon  the  nitroglycerine,  and  furthermore,  the  kiesel- 
guhr does  not  merely  do  nothing  itself,  but  it  does  worse 
than  nothing  by  cooling  down  the  gases  produces  by  the 
explosion  of  the  nitroglycerin,  and  keeping  them  from  doing 
as  eflfective  work  as  if  allowed  to  expand  uncooled.  The 
active  absorbent  itself  enters  into  the  reaction  and  develops 
a  considerable  quantity  of  the  total  power  of  the  powder. 
Not  only  may  the  absorbent  be  said  to  supplement  the  nitro- 
glycerine, but  as  the  cost  of  nitroglycerine  has  risen  by  leaps 
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Fig.  1.  Ready  for  a  big  blast  in  a  limestone  quarry  of  a  cement  mill  in 
California.  A  lar^e  number  of  holes  have  been  drilled  and  loaded  and 
will  be  fired  simultaneously  by  means  of  electric  detonators  and  a  blast- 
ing machine 

and  bounds  within  recent  years,  absorbents  have  been  se- 
lected with  a  view  to  the  explosive  value  which  they  possess, 
until  some  of  our  best  modern  powders  derive  about  80 
per  cent  of  their  explosive  value  from  the  absorbent,  and 
only  enough  nitroglycerin  is  used  to  "sensitize"  the  powder. 
That  is,  we  select  ingredients  such  as  ammoniun  nitrate 
or  ammonium  perchlorate,  which  are  almost  or  quite  as 
powerful  as  nitroglycerine,  but  which  unfortunately  are  too 
insensitive  to  be  used  alone,  and  add  to  them  enough  ground 
coal,  wood  pulp  or  other  combustible  to  react  with  the 
oxygen  furnished  by  the  ammonium  salt,  and  enough  nitro- 
glycerine to  enable  us  to  detonate  the  mixture  with  mercuric 
fulminate.  By  this  means,  we  are  able  to  manufacture 
powders  cheaply  which  are  just  as  powerful,  and  for  many 
purposes  equal,  or  even  superior  to  the  more  expensive 
powders  in  which  nitroglycerin  is  the  essential  explosive 
ingredient.  Some  of  our  best  powders  contain  only  10  per 
cent  of  nitroglycerine. 
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FIs.  2.  The  same,  just  as  the  blast  is  fired.  For  the  safety  of  the  photog- 
rapher it  was  necessary  to  take  this  exposure  from  a  greater  distance 
than  the  other  two.  Note  the  sases  from  the  explosion  just  breaking 
through  on  the  risrht.  Also  note  how  just  to  the  left  of  this  point  the 
whole  mass  of  the  rock  has  been  broken  loose  and  is  being  thrust  forward. 
About  halfway  up  the  face  the  fracture  can  be  seen  running  in  a  roughly 
horizontal  direction. 

ESSENTIAL  REQUIREMENTS   OF   A   GOOD   DYNAMITE 

There  are  certain  general  requirements  which  apply 
to  all  dynamites,  regardless  of  their  intended  use,  and  still 
other  special  requirements  which  are  peculiar  to  the  par- 
ticular use  for  which  the  powder  is  intended. 

Among  the  general  requirements,  the  powder  must  be 
chemically  stable,  and  not  subject  to  decomposition  or  other 
change  on  storage,  it  must  be  as  resistant  toward  water  as 
possible,  must  be  sensitive  enough  to  be  easily  detonated  by 
a  number  six  detonator,  but  still  not  too  sensitive  to  be 
safely  handled;  it  should  be  as  dense  as  possible;  it  must 
be  non-freezing,  or  at  least  freeze  at  as  low  a  temperature 
as  possible,  and  must  be  as  cheap  as  may  be. 

As  for  the  special  requirements,  they  depend  upon 
the  purpose  for  which  the  powder  is  to  be  used.  If  it  is  to 
be  used  in  a  gassy  or  dusty  coal  mine,  it  absolutely  must 
be  a  "low  flame"  explosive,  and  it  should  have  a  low  veloc- 
ity of  detonation.    By  a  "low  flame"  powder,  we  mean  one 
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Fig,  S.  After  the  blast.  The  whole  side  of  the  cliff  has  been  shot  down 
in  such  form  that  it  can  be  loaded  into  cars  and  haaled  to  the  mill  to 
be  fed  into  the  crusher. 

of  the  "permissible"  type,  so  designed  that  the  temperature 
of  the  flame  developed  on  exploding  it  is  low  enough  that 
it  will  not  ignite  explosive  mixtures  of  air  with  dust  or 
mine  gas.  A  powder  may  be  made  "permissible"  in  a 
number  of  ways. 

If  a  powder  is  to  be  used  in  a  mine  where  there  is 
no  gas,  but  where  the  ventilation  is  poor,  it  must  have 
a  positive  "oxygen  balance,"  that  is,  must  contain  an  excess 
of  oxygen  over  that  required  for  its  own  combustibles,  so 
that  there  will  be  no  danger  of  the  formation  of  carbon 
monoxide  or  other  noxious  gases  when  the  powder  explodes, 
since  these  would  be  injurious  to  the  health  of  the  workmen. 

If  a  powder  is  to  be  used  for  blasting  hard,  flinty  rock, 
where  the  expense  of  drilling  is  great,  a. dense,  powerful 
powder  must  be  selected  which  will  give  a  maximum  amount 
of  disruptive  force  for  a  minimum  of  drilling.  In  this  case 
the  powder  should  have  a  high  rate  of  detonation,  especially 
if  it  is  desired  to  "bring  down"  the  rock  in  small  pieces. 
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If  earth  or  soft  rock  is  to  be  blasted,  or  if  stumps  are 
to  be  blown  out,  a  powerful  "fast"  powder  such  as  would 
have  been  used  in  the  preceding  case  would  not  be  effective. 
Instead,  we  should  use  a  low-grade,  "slow"  powder,  i.  e., 
one  having  a  low  rate  of  detonation,  which  will  give  us  a 
rending  and  thrusting,  rather  than  a  shattering  effect.  In 
this  case  the  expense  of  drilling  the  holes  would  be  slight, 
and  there  would  be  no  danger  from  noxious  gases.  We 
should  therefore  not  care  whether  the  powder  were  dense 
or  not,  nor  whether  it  had  a  good  "oxygen  balance"  or  not. 

If,  again,  we  are  called  upon  to  do  submarine  blasting, 
or  wherever  there  is  much  water,  we  should  probably  use 
a  gelatin  dynamite,  since  the  gelatins  are  practically  water- 
proof. We  should  avoid  the  ammonium  nitrate  powders 
in  such  work,  because,  while  they  are  much  cheaper  than 
gelatins,  they  are  not  very  resistant  to  water,  and  there 
would  be  danger  that  they  would  fail  to  develop  their  proper 
force,  if  they  did  not  miss  fire  entirely. 

In  quarry  work,  one  can  bring  down  his  rock  in  large 
or  small  blocks  at  will  by  selecting  a  "slow"  or  a  "fast" 
powder. 

From  the  above  remarks  it  will  be  seen  that  there  are 
very  many  kinds  of  work  to  be  done  with  explosives,  and 
that  each  kind  has  its  own  special  requirements  which  the 
powder  manufacturer  must  meet,  in  addition  to  the  general 
requirements  for  all  powders.  Some  of  these  special  re- 
quirements may  be  so  urgent  that  they  must  be  met  even 
though  other  desirable  qualities  must  be  sacrificed.  It  is 
an  easy  matter  to  meet  any  one  requirement,  and  a  com- 
paratively easy  matter  to  meet  any  two,  but  of  course,  the 
more  requirements  there  are  to  be  met  simultaneously,  the 
more  difficult  the  task.  Nevertheless,  powder  manufac- 
turers are  able  to  make  a  powder  to  comply  with  almost 
any  set  of  requirements. 

TYPES  OF  FOWDERS 

To  meet  the  many  needs  which  have  been  mentioned 
above,  many  different  types  of  powders  have  been  de- 
veloped. 

The  chlorate  powders,  consisting  of  potassium  chlo- 
rate, some  nitro-aromatic  compound  and  a  carbonaceous 
absorbent,  have  never  been  important  on  account  of  their 
cost  and  their  dangerous  character. 

The  nitro  starch  powders,  consisting  e3sentially  of 
nitro  starch,  sodium  nitrate  and  possibly  ammonium  nitrate, 
are  cheap,  non-freezing  and  have  a  high  rate  of  detonation. 
They  are  bulky  and  insensitive,  however,  and  not  very  re- 
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Fig,   4.     Removing   a   stump   with   dynamite.     Also   showing    the   use   of    the 
blastins    machine 

sistant  to  water.  Until  within  recent  years,  during  which 
time  the  cost  of  nitroglycerine  has  increased  greatly,  they 
never  were  serious  competitors  of  nitroglycerine  powders. 

By  far  the  most  important  class  of  powders  is  the 
nitroglycerine  type.  This  class  has  several  subdivisions,  as,  for 
instance,  the  **straight"  powders,  permissibles,  ammonium 
nitrate  powders,  and  gelatins.  Any  of  these  may  be  made 
*'low  freezing"  by  various  means.  The  straight  powders  are 
the  simplest  representatives  of  this  type.  They  consist  of 
nitroglycerine  absorbed  in  a  carbonaceous  absorbent,  usually 
wood  pulp,  and  sodium  nitrate.  They  are  powerful,  and 
cover  a  wide  range  of  uses.  The  permissibles  may  be  of 
the  ammonium  nitrate  class,  the  carbonite  class  or  the 
hydrated  class,  depending  on  the  means  employed  to  reduce 
the  flame  temperature.  They  are  intended  for  use  in  gassy 
or  dusty  mines,  and  with  the  exception  of  the  ammonium 
nitrate  group,  are  not  to  be  recommended  for  other  uses. 
The  ammonium  nitrate  powders  have  ammonium  nitrate 
used  to  a  greater  or  less  extent  as  a  substitute  for 
nitroglycerine,  and  depend  in  part  on  it  for  their  strength. 
They  are  cheaper  than  the  "straight"  powders  of  equal 
strength,  and  are  very  much  used  for  general  work.     The 
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Fiff.  5.    Blastins  a  ditch.  A  section  of  finished  ditch  ia  shown  in  the  foreirround 
while  another  portion  is  being  blasted  in  the  background 

gelatins  are  so-called  because  of  their  gelatinous  consistency, 
which  is  produced  by  the  addition  of  a  small  amount  of 
nitrocellulose.  They  are  recommended  for  "wet  work" 
and  for  use  in  hard  rock,  because  of  their  great  density 
^  and  water-resisting  powers.  Any  of  the  nitroglycerine  pow- 
ders may  be  made  low  freezing  by  the  use  of  specially 
treated  nitroglycerine,  or  by  the  addition  of  certain  sub- 
stances which  lower  the  freezing  point  of  nitroglycerine. 

THE    USES    OF    EXPLOSIVES 

It  is  not  necessary  to  dwell  long  on  the  uses  of  explo- 
sives. Everyone  knows  that  they  are  necessities  in  mining, 
tunneling  and  quarrying,  and  that  they  may  be  advan- 
tageously used  in  many  other  ways,  among  which  may  be 
mentioned  removing  obstructions,  setting  young  fruit  trees, 
and  blasting  dicthes.     Not  only  can  holes  for  setting  fruit 
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trees  be  blasted  more  cheaply  than  they  can  be  dug,  but 
on  account  of  the  loosening  up  of  the  subsoil  by  the  blast, 
trees  which  are  set  in  blasted  holes  grow  more  rapidly,  and 
come  to  bearing  sooner  than  trees  set  in  dug  holes  wherever 
the  subsoil  is  inclined  to  be  hard. 

If  a  ditch  is  to  be  blasted,  all  that  is  necessary  to  do  is 
to  drive  a  bar  down  to  the  depth  required  for  the  ditch, 
and  load  the  hole  with  powder,  making  a  line  of  holes  so 
charged,  about  eighteen  inches  apart,  along  the  course  which 
the  ditch  is  to  take ;  the  nexplode  the  charges  simultaneously 
and  there  is  the  ditch. 

THE   PROPER    USE   OF   EXPLOSIVES 

The  proper  use  of  explosives  begins  with  the  selection 
of  the  proper  explosive  for  the  work  which  is  to  be  done. 
Having  made  this  selection,  the  next  matter  is  proper  load- 
ing, but  that  cannot  be  discussed  here  further  than  to  say 
that  the  drilling  and  loading  of  holes  should  be  entrusted 
only  to  experienced  men,  not  only  from  the  standpoint  of 
safety,  but  of  economy  of  powder  as  well.  Next  see  that 
the  powder  is  well  thawed  out  if  the  weather  is  cold,  before 
it  is  used.  Frozen  powder  cannot  be  expected  to  do  good 
work.  Do  not  thaw  powder  by  putting  it  into  a  pale  of  hot 
water,  by  putting  it  on  the  stove  nor  in  the  oven.  Where 
a  large  amount  of  powder  is  constantly  being  used,  as  for 
instance  at  a  large  quarry,  a  thaw  house  should  be  provided, 
but  where  this  is  not  feasible,  the  powder  should  be  kept 
for  some  time  before  it  is  to  be  used,  in  a  moderately  warm 
place,  or  in  a  thawing  kettle  such  as  are  supplied  by  the 
powder  manufacturers.  Last,  but  not  least,  use  good  de- 
tonators. Use  nothing  less  than  a  No.  6  detonator  and  use 
a  No.  8  if  the  powder  is  inclined  to  be  insensitive.  In  many 
cases  proper  results  can  be  obtained  only  by  firing  a  large 
number  of  holes  simultaneously.  This  is  best  done  by  means 
of  electric  detonators  and  a  blasting  machine. 

THE    STORAGE    OF    EXPLOSIVES 

Explosives  should  be  stored  in  a  cool,  dry  place  at  a 
safe  distance  from  other  buildings.  In  storing  and  trans- 
porting explosives,  dynamite  should  always  be  kept  sepa- 
rate from  caps,  detonators  and  the  like. 

If  proper  care  is  taken,  the  manufacture,  transportation, 
storage,  and  use  of  explosives  need  not  be  attended  by  any 
great  amount  of  danger.  The  impression  which  prevails 
as  to  the  danger  in  handling  and  using  powders  results  from 
accidents  which  are  due  to  carelessness  or  ignorance  of  the 
proper  method  of  handling  them.     An  attempt  has  been 
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made  in  this  paper  to  correct  some  common  misconceptions 
in  regard  to  explosives,  but  lack  of  space  has  made  it  neces- 
sary to  touch  only  the  most  important  points.  It  is  recom- 
mended that  anyone  who  is  called  upon  to  use  much  powder 
should  make  himself  thoroughly  familiar  with  the  subject. 
The  United  States  Bureau  of  Mines  is  furnishing  much 
valuable  information  to  the  users  of  explosives,  and  some 
of  the  later  and  better  reference  books  dealing  with  the 
subject  give  considerable  information. 
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GRAPHICAL    METHOD    IN    PLANT    OPERATION 

By  W.  B.  Van  Arsdel,  '13 

The  present  widespread  tendency  toward  more  thor- 
ough-going use  of  scientific  methods  in  industry  and  business 
has  been  accompanied  by  a  remarkable  growth  of  interest 
in  the  graphical  presentation  of  data.  Any  one  who  has  fol- 
lowed the  literature  of  the  engineering  professions,  partic- 
ularly during  the  past  five  years,  must  have  noticed  the 
increasing  importance  attached  to  diagrammatic  short-cuts, 
the  rapid  development  of  hitherto  neglected  methods,  and 
the  appearance  of  many  new  types  of  recording  instnmients. 

SCIENCE  IN  THE  PLANT 

The  scientific  control  of  an  enterprise  necessarily  in- 
volves the  careful  collection  and  criticism  of  quantitative 
data  concerning  it.  It  is  easy  to  find  in  almost  any  factory, 
however,  processes  which  are  fondly  held  to  be  above 
science — "arts,"  which  are  best  left  to  the  discerning  judg- 
ment of  a  skilled  workman.  The  attempt  to  introduce  any 
mode  of  operation  which  threatens  to  reduce  the  mystery 
of  such  operations  is  certain  to  meet  at  the  start  with  the 
unqualified  hostility  of  the  artisans  who  feel  themselves 
responsible  for  it.  In  his  attempt  to  prove  his  case,  an 
otherwise  conscientious  man  will  sometimes  deliberately 
falsify  data  or  allow  preventable  accidents  to  happen;  but 
the  more  common  and  insidious  opposition  arises  uncon- 
sciously from  the  conviction  in  the  workman's  mind  that 
the  familiar,  time-tried  process  cannot  possibly  be  improved. 
Indications  to  the  contrary  are  hastily  forgotten,  while  every 
crumb  of  comfort  is  eagerly  discussed  and  given  unusual 
significance.  Data  taken  by  a  man  in  this  state  of  mind 
are  often  worse  than  useless. 

If  the  records  of  plant  operations  are  to  stand  search- 
ing criticism,  the  methods  of  measurement  must  be  above 
reproach.  Investigation  of  a  process  for  the  first  time, 
therefore,  will  usually  call  either  for  the  development  of 
new  types  of  measuring  instruments  or  for  the  careful 
adaptation  of  old  instruments  to  the  new  problem.  The 
fact  that  a  process  has  for  a  long  time  resisted  reduction  to 
a  "science"  is  usually  sufficient  proof  that  the  real  difficulty 
lies  in  securing  suitable  means  of  measurement.  In  such  a 
case  the  development  of  a  single  appliance  may  provide  the 
key  to  the  entire  situation. 

The  vital  point  of  a  plant's  record-system  is,  however, 
not  so  much  the  collection  of  the  data  as  its  analysis  and 
"working  up."    The  mere  possession  of  a  tall  pile  of  charts 
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from  the  recording  instruments  in  the  boiler  house  does 
not  reduce  the  coal  bill ;  only  a  patient,  thorough-going  study 
of  the  figures,  grounded  in  accurate  knowledge  of  the  plant 
equipment  and  conditions,  can  result  in  the  formulation  of 
definite  conclusions  and  the  building  up  of  consistently  high 
efficiencies. 

THE  REASON   FOR  GRAPHICS 

Such  study,  without  the  aid  of  graphical  representation 
of  some  kind,  would  present  most  discouraging  difficulties. 
While  it  is  true  that  there  is  no  important  operation  ordin- 
arily performed  graphically  which  cannot  be  performed 
equally  well  by  strictly  analytical  methods,  the  diflFerence 
in  labor  and  time  consumed  is  in  most  cases  quite  astonish- 
ing. The  most  important  disadvantage  of  the  row  of  fig- 
ures, however,  is  its  poverty  of  suggestion.  Numbers  all  ap- 
pear so  much  alike  that  the  mind  finds  it  difficult  to  grasp 
the  variations  recorded — the  presence  of  maxima  or  minima 
goes  unnoticed,  or  the  long,  gradual  change  is  masked  by  the 
seemingly  random  variation  of  the  figures.  As  has  been 
noted  above,  it  is  just  such  suggestions  which  are  most 
needed  in  the  study  of  plant  data;  when  even  the  slightest 
indication  of  the  figures  must  be  critically  examined,  the 
broad  hints  offered  by  the  graph  cannot  be  ignored. 

With  a  certain  type  of  "practical"  mind  which  is  now 
quite  common,  belief  in  the  possibilities  of  recording  instru- 
ments and  other  graphical  records  has  become  so  exagger- 
ated as  to  be  a  real  superstition.  Having  experienced  some 
striking  examples  of  their  usefulness  on  occasion,  these  wor- 
shippers of  scientific  magic  invest  extravagantly  in  instru- 
ments to  be  installed  in  every  possible  position.  Charts 
then  accumulate  for  weeks  or  months  on  pegs  in  the  office, 
whence  they  are  periodically  "cleaned  up"  by  the  janitor, 
and  no  one  has  been  the  wiser  for  the  information  they  held. 
This  type  of  mind,  moreover,  usually  overrates  the  "intel- 
ligence" of  the  instruments,  does  not  realize  that  they  are 
at  best  only  a  compromise  between  conflicting  requirements, 
and  are — must  be,  in  fact — adjustable  at  will  to  give  almost 
any  reading.    Absurd  results  are  almost  sure  to  follow. 

On  the  other  hand,  the  works  manager  who  approaches 
his  problem  in  the  true  scientific  spirit,  demanding  accurate, 
thorough-going,  quantitative  knowledge  of  every  operation, 
is  certain  to  be  fully  justified  in  his  confidence.  It  is  indeed 
a  rare  process  which  can  be  performed  as  economically  and 
as  certainly  by  "rule  of  thumb"  and  "judgment"  as  by 
quantitative — and  especially  graphic — control. 
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GRAPHIC  CONTROL  RECORDS 

Several  types  of  problems  may  be  recognized  as  requir- 
ing different  kinds  of  graphic  control  They  fall  into  two 
classes — one  calling  for  recording  instruments,  the  other 
requiring  point-by-point  plotting  of  observed  data. 

Perhaps  the  most  obvious  situation  which  justifies  the 
use  of  a  recording  instrument  is  encountered  when  a  variable 
should  be  followed  night  and  day,  week  days  and  holidays, 
while  attendance  is  only  possible  during,  say,  eight  hours  on 
week  days.  A  simple  case  is  the  recording  of  atmospheric 
temperature,  sometimes  an  important  factor  in  plant  opera- 
tion. A  similar  situation  arises  when  the  variable  changes 
so  rapidly  that  occasional  reading  are  likely  to  miss  the  most 
important  values — for  instance,  peak  loads  in  a  power  house. 
The  recorder  is  "always  on  the  job."  Again,  the  recording 
instrument  can  usually  be  trusted  to  act  as  the  impartial 
umpire,  acceptable  to  both  parties,  in  the  event  of  one  of 
those  small  disputes  which  occasionally  arise  between  dif- 
ferent departments  of  the  mill;  if  steam-heated  dry-kilns 
cool  off  during  the  night,  while  the  boiler  house  firemen 
maintain  stoutly  that  the  needle  never  left  the  loo-pound 
mark  on  their  gauges,  one  or  two  recorders,  wisely  placed, 
will  fix  the  source  of  trouble.  Finally,  instrumental  records 
are  practically  the  only  means  of  obtaining  reliable  data 
from  a  process  which  is  manually  controlled  and  which  af- 
fords the  workman  an  opportunity  to  cover  up  carelessness 
or  unskillful  operation  by  merely  juggling  his  figures. 

Other  variables,  however,  require  the  point-by-point 
plotting  from  given  figures.  This  is  naturally  the  case  with 
discontinuous,  unconnected  quantities,  such  as  the  number 
of  employees  in  a  department,  or  the  analysis  of  a  product. 
Again,  it  frequently  happens  that  a  variable  is  either  rela- 
tively unimportant,  and  its  record  not  worth  the  outlay  on 
an  expensive  instrument,  or  the  required  readings  are  to  be 
taken  only  at  long  intervals,  in  which  case  a  continuous 
record  is  superfluous.  Sometimes  the  duty  of  reading  in- 
struments is  assigned  to  a  workman  merely  to  keep  him 
attentive  to  business  and  watchful  of  the  progress  of  an 
operation.  The  recording  instrument,  moreover,  does  not 
permit  of  frequent  and  speedy  averaging  or  summation  of 
figures,  and  in  case  such  results  are  desirable  it  is  usually 
found  best  to  take  periodical  readings  from  an  indicator. 

THE  USE  AND  ABUSE  OF  RECORDING  INSTRUMENTS 

It  is  almost  self-evident  that  careless  installation  of  in- 
struments will  result  in  gross  errors.  For  instance,  a 
themometer  will  not   indicate  the  true   temperature   in   a 
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kettle  if  its  bulb  lies  close  to  the  side,  between  two  steam- 
heating  colis;  and  a  pressure  gauge  installed  in  ignorance  of 
the  fundamental  laws  of  hydraulics  may  indicate  far  from 
the  correct  value. 

A  type  of  error  which  is  more  difficult  to  trace  and 
eliminate  is  the  "systematic  error"  arising  from  faulty 
design  or  construction  of  the  instrument  itself.  It  may  be 
said  in  general  of  the  many  recorders  now  on  the  market, 
that  a  high  degree  of  scientific  skill  is  evident  in  the  design ; 
some  of  them  carry  into  industrial  practice  the  most  refined 
methods  of  the  physical  laboratory.  Others,  however,  de- 
pending on  simplified  assumptions  which  are  only  approxi- 
mately true,  are  occasionally  subject  to  serious  aberration. 
The  connecting  tube  of  certain  types  of  recording  ther- 
mometer, for  instance,  introduces  an  incalculable  variable 
into  the  result  unless  its  whole  length  is  kept  at  some  con- 
stant temperature;  this  "stem  diflferential,"  as  it  has  come 
to  be  called,  becomes  important  when  the  difference  between 
two  nearly  equal  temperatures  is  in  question,  as  in  the 
recently  developed  wet-  and-dry  bulb  humidity  recorders. 
Another  type  of  systematic  error  is  illustrated  by  the  time- 
lag  between  a  change  of  temperature  and  its  indication, 
which  depends,  of  course,  on  the  mass  of  the  thermometer 
bulb  and  the  fluid  contained  in  it. 

Many  of  the  minor  errors  of  a  recorder  may  be  elim- 
inated by  careful  calibration.  It  is  not  often  that  an  instru- 
ment comes  from  the  maker  requiring  no  attention  before 
use ;  most  frequently  the  zero  point  is  found  to  be  displaced 
and  the  rest  of  the  scale  equally  shifted.  Checking  at  one 
point  against  a  good  standard  corrects  this  error.  When  the 
multiplying  mechanism  is  incorrectly  adjusted,  two  fixed 
points  are  necessary,  at  opposite  ends  of  the  scale  if  possible. 
Finally,  for  very  accurate  work,  the  error  at  a  number  of 
intermediate  points  will  be  determined  and  plotted  in  the 
usual  style  of  correction  diagram. 

It  may  be  reiterated  that  the  permanent  value  of  the 
record  of  an  instrument  lies  not  so  much  in  the  record  itself 
as  in  the  interpretation  and  conclusions  drawn  from  it. 
Maxima  and  minima  in  the  curve  are  always  significant,  and 
will  usually  repay  careful  correlation  with  the  operating 
conditions  which  produced  them.  Average  values  and  inte- 
grated totals  are  usually  required  in  any  extended  investi- 
gation, and  these  are  not  obtained  without  some  labor. 
Mechanical  integrating  devices  are  sometimes  made  a  part 
of  the  instrument,  as  in  some  types  of  steam-flow  meters, 
but  since  they  operate  like  a  planimeter  on  the  revolving 
chart,  the  inaccuracy  is  often  great.     For  averaging  graph- 
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ical  records  on  uniformly  graduated  charts  the  Durand- 
Bristol  integrator*  has  been  found  to  be  a  time  saver.  Such 
summaries  and  averages  as  are  taken  from  the  individual 
records  should  then  be  correlated  on  a  point-by-point  graph, 
so  that  long-period  changes  will  be  apparent. 

POINT-BY-POINT  PLOTTING 

The  second  graphical  method,  namely  plotting  discon- 
tinuously  separate  values  of  the  variable,  has  very  different 
characteristics.  Perhaps  its  greatest  usefulness  lies  in  the 
representation  of  the  properties  of  a  product,  from  batch 
to  batch,  or  from  day  to  day;  the  analysis  of  consecutive 
lots  of  coal  as  purchased ;  the  results  of  physical  and  chem- 
ical examination  of  test  pigs  from  a  blast  furnace ;  and  sim- 
ilar problems  where  a  number  of  characteristics  change 
simultaneusly.  Again,  the  manager  can  follow  specified 
test  pieces  through  a  long  process  and  from  his  graphical 
record  of  their  history  make  at  least  a  good  guess  as  to  the 
cause  of  any  unusual  characteristics.  For  such  a  purpose 
mere  columns  of  figures  would  prove  almost  useless,  since 
they  lack  the  very  element  of  suggestion  which  is  needed. 

When  a  variable  has  been  plotted  for  some  time  it  us- 
ually becomes  advisable  to  keep  track  of  average  values,  and 
control  the  process  by  reference  to  the  direction  and  amount 
of  deviation  from  the  average.  Two  methods  of  following 
the  average  are  in  common  use;  when  it  is  likely  that  the 
optimum  conditions  are  absolutely  constant  and  are  most 
likely  to  be  approximated  by  the  average  of  a  great  nimiber 
of  observations,  a  cumulative  average  is  calculated  and 
plotted  from  day  to  day  along  with  the  individual  data. 
Secondly,  when  it  is  more  likely  that  the  curve  will  present 
a  long,  slow  variation  of  relatively  great  magnitude  as  well 
as  rapid  fluctuations  of  smaller  degree,  an  "overlapping 
period-average"  should  be  calculated ;  this  is  the  average  of 
any  desired  number  of  preceding  values,  sufficient  to  elim- 
inate the  short  period  irregularity.t  An  instance  of  its  use 
is  the  control  of  processes  in  a  plant  where  conditions  are 
being  steadily  improved,  or  vice  versa,  and  where  variations 
from  a  period-average  will  suggest  changes  to  be  made 
immediately. 

*A  full  description  and  explanation  appears  on  p.  87  of  'Tower>Plant  Test- 
infir,"  by  J.  A.  Moyer. 

fThis  average  is  easily  computed  from  point  to  point  by  adding  (algebra- 
ically) to  the  averaere  at  the  first  preceding  point  1  nth  of  the  difference 
between  the  new  observation  and  the  nth  preceding  observation,  where  n  is 
the    number    of    observations    beins:    averaged. 
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CALCULATION  CHARTS 

The  most  prolific  recent  development  of  graphics  has 
been  in  the  field  of  nomography,  or  graphical  calculation. 
Recent  handbooks  contain  abundant  evidence  that  all 
branches  of  engineering  are  coming  to  value  these  con- 
venient short  cuts*  and  it  seems  probable  that  their  use  will 
be  extended  to  cover  many  calculations  which  are  commonly 
regarded  as  being  too  tedious  for  practical  purposes.  They 
are  of  great  aid  to  the  engineering  designer,  and  are  prin- 
cipally used  in  the  drawing  or  design  room,  but  there  is  also 
abundant  field  for  their  use  in  the  plant. 

A  common  problm  in  practice  is  the  determination  of  a 
quantity  when  one  or  more  others  related  to  it  are  given  in 
mathematical  terms,  the  solution  of  an  equation  The  rela- 
tion is  not  always  simple,  and  it  becomes  necessary  to  either 
work  out  a  table  giving  all  of  the  values  which  will  be 
required,  or  to  express  the  function  graphically.  When 
there  are  more  than  two  independent  variables,  the  tabu- 
lation of  numerical  solutions  becomes  almost  impossible, 
while  even  for  one  the  advantage  of  the  graph  is  marked. 
For  instance  in  the  very  common  case  of  a  horizontal, 
cylindrical  tank  with  bumped  ends,  the  volume  of  liquid 
corresponding  to  a  given  depth  showing  in  the  gauge  glass 
would  be  simply  and  accurately  represented  by  a  curve 
on  rectangular  coordinates,  while  for  the  same  degree  of 
accuracy  a  rather  long  table  would  have  to  be  constructed. 
If  the  problem  is  to  determine  the  required  weight  of  one 
component  of  a  mixture,  given  the  weight  and  percent 
purity  (or  specific  gravity)  of  another  component  which  is  to 
form  a  specified  proportion  of  the  whole,  tabular  methods 
become  very  cumbersome;  a  very  simple  alinement  chart, 
however,  will  express  the  whole  relation. 

An  excellent  example  is  described  by  Taylor.t  As 
the  result  of  many  years  of  work  the  quantitative  connection 
between  all  the  factors  involved  in  machining  metals  was 
established.  Then  to  run  his  machine  at  the  best  speed,  to 
set  his  tool  at  the  best  angle,  to  give  it  the  best  rate  of  feed, 
the  machinist  would  have  had  to  solve  equations  which 
would  have  kept  a  good  mathematician  busy  longer  than  the 
job  itself  lasted.  Tables  were  out  of  the  question.  A  slide 
rule  was  devised  (essentially  a  graphical  method  of  solu- 
tion) which  reduced  the  determination  to  a  matter  of  a  few 
moments. 


*S«e,  for  Instaneep  Marks*  "Mechanical  Engineers*  Handbook'*  for  many 
Ohutrations— pp.  259,  270.  842.  691.  784,  981.  I860.  1650,  1678.  etc.  Also 
"Manual  of  Chemical  Nomoirraphy."  by  H.  G.  Deminir.  University  Press.  Cham'* 
palgn.  lU. 

■T'Principles  of  Scientific  Management."  p.  57. 
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GRAPHICAL  METHODS  IN   PLANT   RESEARCH 

It  has  already  been  suggested  that  betterment  of  plant 
conditions  oftentimes  follows  froin  the  careful  study  of 
plant  records.  For  formal  investigation  of  a  process,  how- 
ever, or  '*research,"  there  are  methods  of  study  which  are 
likely  to  prove  more  fruitful  than  mere  analysis  of  existing 
data.  It  will  sometimes  be  necessary,  for  instance,  to 
simplify  interpretation  by  separating  the  variables.  In  or- 
dinary operation,  many  conditions  change  at  the  same  time, 
so  that  uncertainty  exists  as  to  which  condition  was  really 
responsible  for  an  unusual  result ;  if  the  process  can  be  rigid- 
ly controlled  so  that  one  variable  at  a  time  can  be  investi- 
gated, the  controlling  ones  may  be  accurately  determined; 
if  not,  "graphical  guessing"  will  be  the  best  substitute. 

An  example  will  illustrate  the  latter  method.  Suppose 
that  a  food  product  as  produced  is  not  at  all  uniform  in 
its  keeping  qualities;  it  contains  percentages  A  and  B  of 
supposedly  neutral  ingredients ;  percentages  C  and  D  of  pos- 
sibly deleterious  ingredients;  it  has  been  subjected  to  a 
temperature  T  during  manufacture,  and  was  treated  by  a 
purifying  process  to  an  extent  which  may  be  called  P.  The 
degree  of  perfection,  K,  of  a  large  number  of  representative 
samples  having  been  determined  and  expressed  numerically 
on  some  scale,  the  first  step  would  be  to  plot  values  of, 
say,  C,  on  rectangular  coordinates.  If  our  guess  as  to  the 
influence  of  C  were  a  good  one,  the  points  would  not  be 
scattered  at  random,  but  would  show  some  regularity,  per- 
mitting a  line,  straight  or  curved,  to  be  drawn  through  a 
rough  average  position  of  the  points.  Individual  variations 
would  probably  still  be  quite  large,  however.  The  same 
procedure  would  be  used  to  relate  K  in  turn  to  D,  T  and 
P,  and  even  to  A  and  B,  in  an  effort  to  decide  whether  any 
correlation  at  all  existed.  To  carry  the  work  a  step  further, 
the  distance  of  individual  points  from  the"K-C  curve  would 
be  plotted  against  corresponding  values  of  D.  If  C  and  D 
were  really  the  only  two  factors  affecting  K,  the  new  points 
would  form  a  tolerably  smooth  curve.  The  further  exten- 
sion of  the  method,  including  approximate  determination 
of  the  relative  importance  of  all  of  the  factors,  follows  in 
an  obvious  manner.  If  all  of  the  work,  however,  fails  to 
reduce  the  points  to  some  semblance  of  order,  an  important 
variable  is  evidently  being  neglected,  and  more  data  is 
needed. 

Sometimes  the  nature  of  the  problem  requires  that  a 
prediction  of  some  kind  be  made,  proceeding  from  known 
data  and  exterpolating  to  conditions  not  yet  realized.  It  is 
commonly  recognized  that  this  process  should  be  used  with 
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great  caution,  but  there  are  cases  where  exterpolation  may 
be  made  quite  certain,  especially  when  an  empirical  formula 
can  be  determined  graphically  on  the  basis  of  some  knowl- 
edge of  the  variable.  For  instance,  in  many  processes  it 
is  known  that  the  graph  of  the  quantity,  if  carried  far 
enough,  will  approach  a  known  value  asymptotically;  then 
a  comparatively  small  group  of  points,  indicating  the  general 
shape  of  the  curve,  will  permit  the  extension  of  a  logarithmic 
or  hyperbolic  curve  to  a  considerable  distance.  Good  dis- 
cussions of  the  methods  will  be  found  in  recent  publica- 
tions.* 

CONCLUSION 

The  wide-awake  engineer  can  not,  and  does  not,  neglect 
or  despise  graphical  methods  in  operating  the  plant,  in 
calculation  and  design,  or  in  original  research.  He  has  at 
his  command  increasingly  accurate  instruments,  a  great 
variety  of  convenient,  time-saving  methods,  and  in  the 
literature  on  the  subject,  a  growing  body  of  illustrative 
examples.  The  eminent  success  which  has  attended  the 
judicious  application  of  these  old  principles  should  inspire 
their  more  widespread  use.  The  college  courses  in  mathe- 
matics might  very  well  undertake  to  provide  a  good  founda- 
tion by  including  a  brief  study  of  some  of  the  other  systems 
of  coordinates  besides  rectangular  and  polar — in  particular 
parallel  linear  (as  used  in  the  alignment  chart),  propor- 
tional, trilinear,  etc.,t  since  they  have  assumed  such  im- 
portance in  recent  work.  It  is  not  too  much  to  say  that 
graphics  is  to  the  plant  engineer  what  the  calculus  is  to 
the  mathematician,  what  the  check  book  is  to  the  business 
man,  what  the  jack  knife  is  to  the  school  boy — an  insepar- 
able companion,  an  indispensable  tool. 

*J.    W.    Mellor,    "Higher   Mathematics    for    Students    of    Chemistry    and 
Physics,"  pp.  822-882.     T.  R.  Running,  "Empirical    Formulas." 
fJ.  B.  Peddle,  "The  Construction  of  Graphical  Charts." 
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THE  FIXATION  OF  NITROGEN 

By  G.  W.  Payne,  '17 

In  any  technical  process  there  are  three  things  which 
govern  the  price  of  the  final  product:  first,  the  cost  of  the 
starting  materials ;  second,  the  expenditure  of  energy  neces- 
sary to  convert  them  into  the  compound  required;  and 
third,  the  overhead  and  operating  expense  of  the  plant. 

For  the  manufacture  of  nitrogenous  compounds,  the 
cheapest  source  of  nitrogen  is  certainly  the  atmosphere. 
We  have  to  obtain,  however,  not  only  the  nitrogen,  but  also 
some  comparatively  abundant  substance  with  which  to  com- 
bine it,  and  then  devise  an  economical  method  of  effecting 
the  combination.  Since  nitrogen  and  oxygen  occur  ip^  the 
atmosphere  in  what  is,  for  practical  purposes,  an  unlimited 
quantity,  it  is  obvious  that  oxygen  is  the  most  logical'  ele- 
ment to  choose  for  the  combination.  The  reaction  between 
these  two  elements  is  endothermic,  so  the  question  then 
arises:  Can  we  co;ivert  nitrogen  into  its  oxides  with  an 
expenditure  of  energy  low  enough  to  make  it  ^f  ^acticaJ 
value,  and  then  utilize  these  oxides  in  the  production's! 
some  commercial  material. 

The  chief  developments  along  this  line  have  been  based 
upon  the  principle  that  the  reaction  between  nitrogen  and 
oxygen  is  a  thermal  one,  and  that  the  union  can  only  be 
accomplished  through  a  supply  of  energy  in  the  heat  state. 

Ng  +  O2  ^  2NO  —  43,200  calories 

An  examination  of  this  equation  will  show  that  the 
volume  of  gas  at  the  beginning  of  the  reaction  is  the  same 
as  that  at  the  end,  and  consequently  the  position  of  equi- 
librium of  such  reaction  would  be  uninfluenced  by  the 
pressure  under  which  it  is  carried  out. 

The  temperature  at  which  this  reversible  reaction  is 
maintained,  however,  has  a  very  marked  influence  upon 
the  equilibrium  position  on  account  of  the  different  veloc- 
ities with  which  the  two  reactions  proceed,  the  amount  of 
chemical  action  being  proportional  to  the  active  masses  of 
the  substances  reacting*,  that  is 

NO  X  NO 

K 

N2XO2 

K  being  the  equilibrium  constant  for  the  temperature  at 
which  NO,  N2,  and  O2  grams  of  nitric  oxide,  nitrogen, 


•Guldberg-WasBe  Law  of  Mass  Action. 
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and  oxygen  respectively  are  present.  This  constant  depend- 
ing upon  the  temperature  in  accordance  with  the  equation 

d  log  K  A  Q 

dT  2T2 

where  aQ  is  the  energy  change  in  the  system  and  T  the 
absolute  temperature!,  enabled  Nernst  to  compare  the  ob- 
served and  calculated  values  of  NO — . 

Temperature  %  NO  Observed  %  NO  Calculated 
1811°                            0.37  0.35 

1877°  0.42  0.43 

2033°  0.64  0.67 

2195°  0.97  0.98 

r*-  2580°  2.05  2.02 

2675°  2.23  2.35 

3290°                              6.00 

3712''                              8.00 

.,          .     4141°                              10.00 

.  ""Atxording  to  the  above  table,  if  air  is  heated  to  2580"^ 
C,  2^  of  its  volume  will  be  nitric  oxide,  while  if  the 
temperature  be  lowered  to  2200°  C.  one-half  of  the  nitric 
oxide  formed  at  2580°  is  dissociated,  or  the  air  contains 
only  1%  NO. 

These  reactions,  however,  require  time  as  no  energy 
change  can  be  made  instantaneously.  Jellinck  gives  the 
following  tables  from  experimental  data,  the  first  showing 
the  time  necessary  to  produce  one-half  the  amount  of  nitric 
oxide  as  given  by  Nernst's  equilibrium  constants ;  the  sec- 
ond, the  rapidity  with  which  nitric  oxide  dissociates  to  the 
extent  of  one-half  its  volume.* 

Table  I 

Temperature  Time 

727""  C.  81  years 

1227°  C.  30  hours 
1427°  C.  I  hour 

1627°  C.  2  minutes 

,    1827''  C.  5  seconds 

2027°  C.  0.2  second 

2227°  C.  o.oi  second 

^ 2627°  C.  0.00G03  second 


tSee  Nernst  "Application  of  Thermodynamics  to  Chemistry.' 
♦From  Norton's  "Utilization  of  Atmospheric  Nitrogen." 
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Table  II 

Temperature  Time 

627'='  C.  123  hours 

827°  C.  10  hours 

1027°  C.  44  minutes 

1227°  C.  3  minutes 

1427°  C.  15  seconds 
1627°  C.  I  second 

1827°  C.  0.07  second 

2027°  C.  0.005  second 

From  these  data  it  is  seen  that  above  2500°  C.  the 
reaction  becomes  almost  instantaneous,  yielding  2%  NO  at 
this  temperature;  also,  below  1000°  C.  the  dissociation  be- 
comes practically  negligible. 

It  is  apparent  from  this  that  for  a  method  of  fixation 
based  on  this  physico-chemical  phenomenon,  the  mixture 
of  nitrogen  and  oxygen  must  be  heated  to  an  extremely 
high  temperature,  and  then  cooled  as  rapidly  as  possible 
to  minimize  the  reduction  of  the  nitric  oxide  formed. 

As  the  temperature  falls  below  600°  C.  the  oxidation 
of  NO  to  NO2  begins.  Below  140°  C.  NO2  commences 
to  polymerize  into  N0O4,  together  with  a  slight  formation 

of  N2O3— 

NO  +  NO2  =  N2O3 

When  ordinary  temperatures  are  reached  the  gases 
arrive  at  an  equilibrium  condition  where  NO,  NOj,  ^2^^, 
and  probably  a  small  amount  of  N2O3  are  all  present  with 
the  free  oxygen  and  nitrogen  of  the  air.  The  percentages 
of  these  nitric  oxides,  however,  are  so  small  that  a  com- 
plete absorption  is  difficult. 

The  absorption  process  now  employed  permits  the 
cooled  gases  to  come  in  contact  with  water,  the  following 
reactions  occurring: 

N2O,  +  H2O  —  HNO3  +  HNO,  (A) 
NO2  +  NO  +  H2O  =  2HNO3  (B) 

The  nitrous  acid  found  here  decomposes  to  nitric  acid 
and  NO  according  to 

3HNO2  =  HxNO,  +  2NO  -t-  HjO  (C) 

More  NO  now  oxides  to  re-establish  the  equilibrium  con- 
dition. Consequently  there  is  a  cycle  of  changes  and  the 
absorption  must  be  repeated  at  least  four  times  in  order 
to  obtain  90* ;  of  the  NO  originally  present. 
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After  this  absorption  in  water,  the  gases  are  usually 
conducted  into  alkaline  solutions  where  the  following  re- 
action takes  place: 

4NO  +  2NaOH  =  2NaN02  +  N^O  +  H^O 

This  formation  of  NgO  means  a  loss  of  combined  nitro- 
gen as  nitrous  oxide  is  unable  to  take  up  oxygen  under  ab- 
sorption conditions. 

For  the  practical  application  of  the  fundamental  prin- 
ciples outlined  above  it  is  apparent  that  the  oxidation  opera- 
tion can  be  carried  out  successfully  only  at  the  temperatures 
available  with  the  use  of  the  electric  arc.  Among  the  sev- 
eral processes  developed  on  this  "arc"  method,  the  most 
promising  are  the  Birkeland  and  Eyde,  the  Schonherr,  and 
the  Pauling.  These  differ  from  one  another  only  in  the 
methods  for  drawing  the  arc  and  producing  the  sudden 
cooling  of  the  treated  gases.  Excellent  descriptions  of  these 
processes  can  be  found  in  other  papers,  so  it  is  not  deemed 
essential  to  repeat  them  here.  However,  it  is  well  to  analyze 
the  results  obtained  in  order  that  we  may  make  comparisons 
with  other  methods  as  to  the  energy  consumption  and  oper- 
ating expense. 

The  dominating  factor  is,  of  course,  the  amount  of 
"fixed"  nitrogen  finally  obtained  in  a  usable  form  against 
the  energy  expended.  The  concentration  of  "fixed"  nitro- 
gen— usuall  yexpressed  in  volume  percent.  NO —  in  the 
gases  effluent  from  the  reaction  chamber  also  is  a  very  im- 
portant factor,  as  the  efficiency  of  the  absorption  process  is 
dependent  upon  it. 

The  most  reliable  data  on  the  present  normal  output  of 
the  best  types  of  these  furnaces  give  the  following  figures  :* 

Grama  of  nitric  acid,  Concentration  Volume 

HNO  .perK.W.H  percentage  of  NO 

3 

Birkeland  &  Eyde 70  2.0 

Schonherr  75  2.5 

Pauling  60  1.5 

Although  the  Schonherr  furnace  gives  higher  yields,  it 
is  constructed  in  units  of  smaller  power  capacity  and 
consequently  the  installation  and  operating  expense  is  in- 
creased, making  it  from  a  pecuniary  standpoint  practically 
on  the  same  paying  basis  as  the  others. 

On  the  assumption  that  all  the  nitric  oxide  obtained 
from  these  processes  is  finally  in  the  form  of  nitric  acid 
we  are  able  to  compute  the  absolute  efficiency  of  the  fixation. 

N2+  i/^Og  =  N2O5  —  12000  calories 

*From  Norton's  "Utilization  of  Atmospheric  Nitrogen." 
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Considering  the  acid  as  anhydride,  NgOg,  and  that  this  is 
the  direct  product  of  the  reaction  chamber,  we  have  from 
the  above,  that  for  every  io8  grams  of  NjOg  produced,  it 
is  necessary  to  supply  1200  calories.  According  to  the 
following : 

N2O5  +  H2O  -=  2HNO3 

108  grams  of  N2O5  is  equivalent  to  126  grams  of  HNO3, 
or  the  energy  of  formation  of  HNOj  is 

1200 

=  9.54  calories  per  gram. 

126 

The  heat  equivalent  of  a  kilowatt-hour  being  0.86  X  10^ 
calories,  the  efficiency  of  a  process  giving  X  grams  of 
HNOj  per  kilowatt-hour  will  be 

9.54  X  X 

X  ioo7o 


0.86  X  lo** 
or  efficiency  =11.1  X  X  X  10"*% 

From  this  it  is  seen  that  the  absolute  efficiency  of  the 
best  yielding  arc  process  is  only  0.84%. 

Besides  the  efficiency  being  low,  the  chief  objection 
to  the  arc  process  has  been  the  necessity  for  the  large  oxi- 
dizing chamber  in  which  the  nitric  oxide  is  converted  into 
a  mixture  of  the  higher  oxides  and  the  mammoth  absorp- 
tion towers  in  which  these  oxides  are  permitted  to  act  on 
water  giving  nitric  acid.  The  cost  of  installation  of  such 
a  plant  makes  it  unable  to  compete  with  other  sources  of 
fixed  nitrogen  unless  the  cost  of  power  is  extremely  low. 

Other  methods  for  eflFecting  the  direct  oxidization  of 
nitrogen  by  electrical  means  have  been  experimented  with, 
but  as  yet  have  not  proven  to  be  commercial  processes.  They 
may  be  classed  under  the  heads  of  the  spark  discharge,  the 
silent  discharge,  and  electrolytic  action.  All  these  researches 
have  been  based  upon  the  fact  that  there  also  exists  an 
electrical  equilibrium — or  better,  an  "energy"  equilibrium — 
between  nitrogen,  oxygen  and  nitric  oxide.  If  such  a 
process  could  be  developed  as  to  permit  the  direct  transfor- 
mation of  electrical  into  chemical  energy,  a  very  marked 
increase  in  efficiency  would  result  as  the  majority  of  energy 
loss  in  the  arc  or  thermal  process  is  due  to  radiation  and 
heat  loss  in  the  escaping  gases,  together  with  the  **energy 
drop'*  in  the  oxidizing  and  absorption  chambers. 

Turning  now  from  the  oxidization  of  nitrogen  the  next 
least  costly  element  to  be  u§ed  as  a  basis  of  fixation  is 
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hydrogen,  especially  when  it  can  be  used  in  the  form  of 
producer  gas  or  some  other  such  mixture,  the  result  of  the 
combination  being  ammonia.  Contrary  to  the  reaction  be- 
tween nitrogen  and  oxygen,  this  reaction  is  exothermic  and 
also  is  accompanied  by  a  50^  decrease  in  volume. 

N2  +  3H2  ^  2NH3  +  23,900  calories 

From  this  it  is  seen  that  the  favorable  conditions  for  the 
reaction  are  increased  pressure  and  decreased  temperature. 
A  catalytic  agent,  however,  is  necessary,  so  several  methods 
have  resulted,  differing  from  one  another  only  in  the  degree 
of  pressure  and  temperature  and  the  catalytic  agent  used. 

The  Haber  process  is  probably  the  best  known  of  these, 
and  consequently  will  be  briefly  outlined  to  illustrate  the 
method.  A  mixture  of  three  volumes  of  hydrogen  and  one 
volume  of  nitrogen  at  a  pressure  of  at  least  150  atmos- 
pheres and  a  temperature  of  500°  to  700°  C.  is  passed  over 
powdered  uranium  as  a  catalyzer.  This  causes  a  trans- 
formation of  from  2  to  6  per  cent,  of  the  nitrogen  to  am- 
monia, which  is  recovered  from  the  apparatus  by  condensa- 
tion. The  remaining  uncombined  gases  are  then  returned 
to  the  cycle.  From  the  ammonia  thus  obtained  nitric  acid 
may  be  produced  if  this  is  the  required  product. 

The  advantages  of  this  process  are  the  low  power 
consumption  and  the  possibility  of  working  in  small  plants. 
The  disadvantages,  which  I  understand  have  ceen  chiefly 
overcome,  are  the  difficult  engineering  problems  involved 
in  the  use  of  150  atmospheres  pressure  and  temperatures 
from  500°  to  600°  C,  the  high  repair  and  renewal  costs, 
and  the  necessity  of  liquifying  not  only  the  air  to  produce 
nitrogen,  but  also  the  '*water  gas"  to  produce  pure  hydro- 
gen-oxygen, hydro-carbons  and  sulphur  being  fatal  to  the 
catalyzer. 

Considering  the  possibility  of  making  nitric  acid  from 
ammonia  produced  by  this  process,  there  is  but  very  little 
data  on  which  to  base  an  assumption.  However,  if  the 
various  estimates  contain  the  least  degree  of  accuracy,  the 
conversion  of  synthetic  ammonia  into  nitric  acid  is  alto- 
gether feasible. 

Next  to  oxygen  and  hydrogen,  carbon  is  probably  the 
cheapest  element  with  which  we  can  form  compounds  of 
nitrogen.  The  solution  has  been  attempted,  however,  not 
with  pure  carbon  alone,  but  with  a  mixture  of  carbon  and 
a  carbide  or  carbonate.  As  an  example,  let  us  consider  the 
Bucher  process.  Its  essentials  consist  of  the  heating  of  a 
mixture  of  two  parts  of  coke,  two  of  iron,  and  one  of 
sodium  carbonate  to  a  temperature  of  800*^  to  900""  C.  and 
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passing  nitrogen  through  the  mass.  Under  these  conditions 
sodium  cyanide  is  formed. 

Na^COs  +  4C  +  i>^0;+  N,  = 
2  Na  CN  +3  CO2  +  61,500  calories 

The  iron  acts  as  a  catalyzer.  Sodium  ferro-cyanide  is 
formed  if  steam  is  blown  through  the  mass. 

6  Na  CN+Fe+2  H^O  =  Na^  Fe  (CN)e+2  NaOH+H, 

As  far  as  chemical  problems  are  concerned,  the  details  of 
the  process  are  solved,  but  the  mechanical  construction  of 
a  furnace  to  withstand  these  conditions  has  not  been  ob- 
tained. 

The  cyanide  process  consists  in  the  treating  of  calcium 
carbide  with  nitrogen  in  the  electric  furnace. 

CaQ  +  N2  =  Ca  CN,  +  C 

It  is  very  simple  to  convert  this  cyanide  into  ammonia  by 
the  exothermic  reaction. 

Ca  CNa  +  3H2O  =  2  NH,  +  CaCO, 

Due  to  the  explosive  nature  of  the  calcium  carbide  and 
various  difficulties  encountered  in  its  manufacture,  this 
process  has  not  gained  the  popularity  of  processes  of  greater 
fixation  cost. 

Fixation  has  also  been  attempted  in  the  form  of  nitrides 
of  aluminium,  silicon,  boron  and  magnesium  in  the  electric 
furnace.  The  cost  of  manufacture  seems  at  present  to  be 
too  high  to  allow  them  to  compete  successfully  with  the 
products  of  other  processes. 
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THE    USE    OF    raON    WIRE    VS.  COPPER    FOR 
TRAIN   DISPATCHING   CIRCUITS 

By  Stanley  Rhoades,  '16 

The  subject  of  iron  wire  vs.  copper  for  train  dispatch- 
ing circuits  will  be  limited  to  the  use  with  telephones  in  this 
discussion  because  the  telegraph  is  rapidly  becoming  ob- 
solete for  train  dispatching  and  few  problems  arise  in  con- 
nection with  the  choice  of  wire  for  such  telegraph  use. 

A  telegraph  dispatching  circuit  should  be  designed  to 
give  continuous  communication  between  the  dispatcher 
and  the  way  stations  with  a  volume  of  transmission  well 
within  the  limit  required  by  safety  in  handling  train  orders. 
This  statement  includes  two  important  requirements;  viz, 
continuous  service  and  sufficient  volume  of  transmission. 
These  two  are  interlinked  in  the  construction  and  material 
of  the  physical  line  or  "outside  plant."  The  volume  of 
transmission  is  controlled  more  by  the  "inside  plant"  or 
telephone  instruments  than  is  the  continuity  of  the  service. 

The  choice  of  wire  to  be  used  depends  upon  whether  the 
pole  line  is  built  or  is  to  be  built.  If  the  line  is  already 
built,  the  distance  between  poles  is  settled  and  makes  neces- 
sary the  use  of  wire  strong  enough  to  support  itself  with  a 
coating  of  ice,  perhaps  one  inch  in  diameter,  with  a  wind 
pressure  due  to  a  forty  or  fifty  mile  gale,  and  with  the 
temperature  20  degrees  below  zero.  This  condition  of  ice, 
wind  and  coldness  occurred  in  the  territory  just  west  of 
LaFayette  during  the  second  week  in  January  of  this  year 
with  disastrous  results.  Some  of  the  wires  broke  in  many 
places  due  to  the  lack  of  strength.  The  poles  were  41  to  the 
mile,  which  is  relatively  wide  spacing  compared  to  53  or 
70  per  mile  used  in  some  places.   • 

If  the  pole  line  has  not  been  built  and  can  be  chosen 
by  the  engineer  designing  the  plant,  he  can  choose  a  guage 
and  kind  of  wire  that  will  give  the  required  transmission 
and  space  the  poles  properly  to  carry  the  wire  without 
danger  of  wire  breaks  under  severe  ice,  wind  and  cold 
weather  stresses.  In  most  cases,  the  railroad  telephone  engi- 
neer has  the  pole  line  already  provided  and  must  put  up  a 
satisfactory  line  on  it. 

Another  condition  sometimes  confronts  the  engineer: 
the  pole  line  and  the  wire  are  both  in  use  and  must  be 
adapted  to  telephone  train  dispatching.  It  is  in  the  latter 
case  that  the  use  of  iron  wire  for  such  service  is  sometimes 
permitted.  I  say  "permitted"  because  there  is  much  hesi- 
tancy displayed  by  the  executives  in  deciding  to  use  iron 
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wires.  The  objection  is  that  iron  wire  deteriorates  rapidly 
as  compared  with  copper  and  develops  high  resistance  at 
joints  that  are  made  in  the  line  at  times  when  it  is  not 
economical  to  attempt  soldering  them  when  splicing,  for 
instance,  during  storm  trouble  and  zero  weather.  The  high 
resistance  of  the  wire,  even  when  new,  has  resulted  in  poor 
transmission  in  the  past  on  comparatively  long  lines  and 
has  created  prejudice  against  iron. 

Distance  is  a  considerable  factor  in  the  problem.  One 
of  the  eminent  telegraph  engineers,  who  was  formerly  a 
telephone  engineer,  is  on  record  as  believing  ninety  miles 
the  limiting  distance  for  No.  8  BWG  iron  wires  which  is  the 
common  size  in  use  on  railroads.  It  is  necessary  to  differ 
with  him  due  to  the  fact  that  he  is  considering  previous 
standards  of  telephone  sets,  commonly  considered  of  maxi- 
mum efficiency.  Standards  of  one  year  due  not  hold  good 
in  very  many  succeeding  years.  It  is  seldom  safe  to  say 
what  is  not  being  done  can  not  be  done.  We  may  say  150 
miles  is  the  limit  of  transmission  distance  for  train  dis- 
patching on  No.  8  BWG  iron  wires  today  and  within  a 
short  time  the  distance  may  double. 

The  problem  of  the  train  dispatching  circuit  differs 
from  the  ordinary  commercial  transmission  problem  because 
there  are  a  number  of  stations  that  can  listen  in  on  a  dis- 
patching circuit.  The  railroad  telephone  set  for  dispatching 
was  designed  with  the  belief  that  never  more  than  10  or  15 
stations  would  listen  in  on  the  circuit  simultaneously.  In 
recent  months  it  has  been  shown  that  perhaps  40  or  50  sta- 
tions listened  in  at  once.  The  result  was  that  even  with 
No.  9  B  &  S  copper  wires  it  was  almost  impossible  to  hear 
a  station  150  miles.  The  impedance  of  the  listening  sets 
was  not  high  enough.  Increase  of  impedance  has  resulted 
in  reduction  of  ''bridging"  losses  to  the  point  where  40  or 
50  stations  can  listen  in  without  transmission  falling  enough 
to  be  detected  on  a  150  mile  No.  9  B  &  S  copper  line. 

.  This  same  reduction  in  bridging  loss  has  made  possible 
the  use  of  No.  8  BWG  iron  wire  for  a  distance  up  to  150 
miles  under  conditions  which  previously  limited  No.  9  B  & 
S  copper  to  that  distance.  I  am  unable  to  state  at  the 
present  time  what  could  be  considered  the  present  limiting 
distance  for  No.  9  copper  because  its  range  has  been  in- 
creased much  beyond  the  present  needs  for  dispatching. 
Within  the  past  year,  three  circuits  have  been  arranged, 
each  140  miles  long,  using  existing  No.  8  BWG  iron  wires, 
some  of  which  have  been  erected  as  long  as  twenty  years. 
The  transmission  has  been  satisfactory  and  in  fact  better 
than  on  No.  9  copper  formerly  used  over  the  same  division 
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of  the  railroad.  The  remarkable  facts  observed  are:  that 
the  average  resistance  of  these  wires  does  not  exceed  the 
values  given  by  the  manufacturers  for  the  same  gauge  of 
iron  wire  when  new;  that  the  joints  are  secure  enough  to 
give  almost  negligible  trouble  from  high  resistance  and  con- 
sequent "noise ;"  and  that  through  the  same  territory  on  the 
same  pole  spacing  the  No.  9  copper  wires  gave  more  trouble 
due  to  breaks  during  storms  and  cold  weather. 

In  the  future,  these  wires  may  rust  and  lose  strength 
enough  to  become  very  troublesome,  but  at  the  present  time 
when  copper  wire  is  high  priced  and  needed  in  the  manu- 
facture of  war  necessities,  it  is  evident  economy  to  make 
use  of  the  existing  iron  wires  for  telephone  train  dispatch- 
ing. 

The  present  railroad  telephone  sets,  which  are  of  the 
local  battery  type,  are  5  to  10  miles  of  standard  cable  better 
than  standard  common  battery  sets.  Train  dispatching  re- 
quires a  grade  of  transmission  estimated  at  no  less  than 
"18  miles,"  whereas  commerciagl  long  distance  is  considered 
satisfactory  at  '*28  to  30  miles."  This  indicates  the  added 
volume  necessary  for  safety  in  handling  trains. 

No.  9  B  &  S  gauge  copper  wire  will  give  20  miles 
transmission  at  least  250  miles.  Railroad  sets  will  increase 
this  one-third,  making  approximately  330  miles.  Copper 
wires  give  transmission  relatively  in  inverse  ratio  to  the 
resistance.  Therefore  copper  wire  at  13.5  ohms,  which  is 
the  average  resistance  of  No.  8  iron,  would  give  "20  mile" 
transmission  no  miles. 

Iron  wire  does  not  quite  hold  to  the  inverse  ratio 
theory  but  approximates  it  closely  enough  to  use  this  method 
for  making  quick  estimates  of  transmission  distance.  It 
follows  from  this,  and  is  checked  by  results,  that  No.  8 
BWG  iron,  such  as  found  on  many  existing  lines,  will  give 
"20  mile"  transmission. 

In  regard  to  cost,  it  is  safe  to  say  that  the  cost  of  more 
efficient  instruments  is  infinitessimal  compared  to  the  in- 
creased cost  of  lower  resistance  line  conductors. 

It  is  the  problem  of  the  engineer  to  improve  the  instru- 
ments to  such  a  poin  that  *'20  mile"  transmission  can  be  ob- 
tained up  to  225  miles  on  this  No.  8  BWG  iron  wire.  With 
the  high  impedance  receivers  the  transmission  on  our  aver- 
age length  existing  No.  9  B  &  S  copper  circuits  has  been 
brought  very  near  the  point  of  "zero  miles  of  cable ;"  in 
other  words,  no  distance  is  noticeable  and  all  stations  on  the 
lines  sound  as  if  they  are  in  the  same  town.  We  will  not  be 
satified  until  the  iron  wire  circuits  closely  approach  this 
standard. 
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THE  RECOVERY  OF  TOLUOL  AND  BENZOL  FROM 
ARTIFICIAL  GAS 

By  C.  Earl  Littell,  ch.  e.,  'ii 

On  account  of  the  small  amount  of  space  allowed  for 
this  article  it  will  be  impossible  to  go  into  the  subject  as 
fully  as  I  should  like,  therefore,  many  engineering  features 
and  problems  connected  with  the  industry,  as  well  as  a 
great  amount  of  interesting  data  and  methods  of  analysis, 
must  necessarily  be  omitted. 

The  recovery  of  the  aromatic  hydrocarbons  from  gas 
is  not  a  recent  process  but  has  been  highly  developed  in 
the  past  few  years,  especially  in  America.  The  principle 
employed  at  present  by  American  gas  companies  and  by- 
product coke  ovens  for  the  recovery  of  benzene  and  its 
homologues  was  made  use  of  as  early  as  1859  by  Vogel. 
To  enrich  fatty  oils  for  illuminating  purposes,  Vogel  washed 
or  scrubbed  coal  gas  with  these  oils.  The  practice  of  today 
is  to  wash  the  gas  with  an  oil  which  is  a  good  absorbent  of 
benzol,  toluol,  etc.  In  America  the  oil  generally  used  is 
what  is  known  as  '*straw  oil,"  while  in  Europe  tar  oil  or 
creosoting  oil  is  commonly  used.  Both  are  good  absorbents. 
The  gas  is  washed  in  a  tower.  The  oil  enters  at  the  top  in 
the  form  of  a  spray  and  is  uniformly  distributed  over  the 
top  of  the  scrubbers.  The  gas  enters  the  bottom  of  the 
tower  and  flows  in  an  opposite  direction  to  that  of  the  oil, 
thereby  bringing  the  gas  with  the  least  amount  of  light  oil 
vapors  into  contact  with  the  fresh  oil.  This  process  was 
put  into  successful  operation  in  1887  by  F.  Brunk,  who  is 
acknowledged  as  being  the  founder  of  the  modern  benzol 
recovery  industry. 

Straw  oil  is  a  petroleum  product  of  about  0.88  specific 
gravity.  The  oil  on  straight  distillation  should  not  start  to 
distill  much  before  the  temperature  of  250°  C.  is  reached 
and  about  ninety  per  cent  should  distill  between  250  and 
350°  C.  It  does  not  contain  any  napthalene  or  pitch  (as 
does  tar  oil)  and  should  be  practically  free  from  members 
of  the  oleofine  series,  eight  per  cent  being  considered  as  a 
maximum  amount  allowable.  It  should  have  a  low  con- 
gealing point,  being  readily  fluid  at  4°  C.  and  should  not 
emulsify  with  hot  water  or  steam.  The  fact  that  it  does  not 
contain  any  naphthalene  or  pitch  gives  it  a  decided  advan- 
tage over  tar  oil,  although  the  latter,  with  a  boiling  range 
of  200  to  300°  C,  makes  an  excellent  absorbent. 

Before  scrubbing  or  washing  the  gas  it  is  cooled  to  a 
certain  temperature,  depending  upon  its  moisture  and 
naphthalene  content  and  the  temperature  of  the  wash  oil. 
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The  American  practice  is  to  enrich  the  scrubbing  oil  to 
about  three  per  cent.  Too  low  an  enrichment  involves  a 
needless  consumption  of  absorbing  oil  and  steam,  while  too 
high  an  enrichment  may  allow  the  gas  to  pass  through  the 
scrubbers  without  complete  removal  of  the  benzol.  From 
the  scrubbing  tower  the  enriched  absorbent  oil  runs  into 
tanks  usually  located  beneath  the  scrubbers.  The  enriched 
wash  oil  is  now  pumped  to  the  benzol  recovery  plant,  where 
it  is  heated  to  drive  off  the  hydrocarbon  vapors.  (About 
eighty-five  per  cent  of  the  condensibie  hydrocarbon  vapors 
belong  to  the  aromatic  series,  being  made  up  of  benzene, 
toluene  and  the  three  xylenes.  The  remaining  fifteen  per 
cent  consists  of  carbon  disulphide,  thiophene,  naphthalene, 
pyridine  and  members  of  the  oleofine  series.)  After  being 
preheated  by  certain  heat  exchanges  and  economizers  and 
finally  heated  to  its  maximum  temperature  by  live  steam  in 
a  superheater,  the  enriched  oil  enters  the  still.  The  still 
consists  of  superimposed  chambers  as  found  in  any  common 
distillation  practice.  The  heated  oil  runs  down  through 
these  sections  while  live  steam  is  blown  in  the  opposite 
direction.  The  benzol  vapors  are  condensed  in  water  cooled 
condensers.  The  light  oil  and  water  are  separated  by  means 
of  a  separator ;  the  former  is  run  in  an  underground  tank, 
although  some  plants  have  these  above  ground. 

Brief  mention  was  made  above  of  heat  exchanges.  The 
H.  Koppers  Company,  of  Pittsburgh,  who  have  done  more 
than  any  other  company  in  America  to  develop  the  toluol 
industry,  have  made  improvements  which  have  aflfected  as 
great  an  economy  of  heat  as  possible  in  the  cycle  of  gas 
treatment,  distillation,  and  cooling,  through  which  the  oil 
passes.  It  is  calculated  that  in  their  system  the  devices  for 
heat  economy  reduce  the  steam  consumption  in  distilling  the 
enriched  wash  oil  by  more  than  eighty  per  cent. 

After  the  light  oil  is  distilled  and  separated  from  the 
absorbent  oil,  it  is  pumped  into  the  rectifying  still.  This 
still  is  of  large  capacity  and  has  a  more  elaborate  deph- 
legmator  than  the  crude  still.  The  light  oil  is  now  separated 
into  crude  benzol,  toluol,  xylol,  and  heavy  solvent.  The 
benzol  and  toluol  are  distilled  oflF  by  indirect  heating  with 
steam  coils  and  the  xylol  and  heavy  solvent  by  admitting 
live  steam.  The  residue  in  the  still  consists  of  a  certain 
amount  of  wash  oil  containing  naphthalene  and  other  con- 
stituents. The  presence  of  this  wash  oil  in  the  crude  light 
oil  is  in  part  due  to  mechanical  means  and  in  part  to  dis- 
tillation by  live  steam.  The  naphthalene  is  removed  from 
it  and  the  wash  oil  returned  and  recirculated. 
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Although  most  small  plants  sell  their  products  in  the 
crude  state,  some  of  the  larger  plants  further  purify  the 
benzol  and  toluol  by  washing  with  commercial  sulphuric 
acid  of  66°  Be.  strength.  A  heavy  sludge  will  form,  which 
separates,  due  to  gravity,  and  is  drawn  off.  The  oil  is  then 
washed  with  caustic  soda  in  what  are  termed  agitators. 
These  are  large  lead  lined  vessels  with  mechanical  stirrers  or 
mixing  devices.  The  acid  forms  sulphonic  acid  salts  with 
the  members  of  the  olefine  series  present,  and  certain 
phenoloid  bodies.  These  so-called  sulphonic  acid  com- 
pounds are  of  a  resinous  nature  and  are  very  dark  in  color, 
having  a  high  boiling  point.  The  greater  part  of  these  are 
heavy  and  insoluble  in  the  light  oil  and  separate  out  as 
mentioned  above ;  some,  however,  are  soluble  and  cause  the 
benzol  to  have  a  reddish  color,  making  it  necessary  to  steam 
distil  the  benzol  to  get  rid  of  them.  The  alkali  neutralizes 
any  of  the  sulphuric  acid  which  might  be  present  and  also 
removes  the  phenols  if  present.  After  the  benzol  is  washed 
and  distilled,  it  should  be  water  white  and  if  properly 
washed,  it  will  remain  this  color  when  shaken  with  sul- 
phuric acid.  This  last  distillation  requires  a  very  efficient 
dephlegmator  column  and  products  are  easily  obtained  hav- 
ing a  boiling  range  of  less  than  two  degrees. 

Rapid  development  in  the  recovery  of  toluol  has  taken 
place  in  this  country  since  19 14,  although  the  recovery  was 
common  in  Europe  several  years  previous  to  this  date. 
Our  seeming  backwardness  was  not  due  to  lack  of  knowl- 
edge or  talent,  but  to  the  lack  of  demand  together  with  the 
abundance  and  cheapness  of  petroleum.  In  America,  the 
recovery  originated  with  the  by-product  coke  oven  people. 
In  1914  there  were  sixteen  plants  making  light  oil  from  coke 
oven  gas  and  none  from  what  is  know  as  illuminating  gas. 
The  light  oil  recovered  previous  to  that  time  was  used  prin- 
cipally as  a  gas  en  richer,  onlv  a  small  amount  being  worked 
up  into  pure  benzene  and  toluene. 

On  account  of  the  high  prices  created  by  the  war,  the 
toluol  industry  was  stimulated  and  great  extensions  were 
made.  Our  foreign  supply  was  stopped  in  191 5  and  the 
munition  business  was  gradually  demanding  more;  conse- 
quently the  prices  for  benzene  and  toluene  became  very  at- 
tractive, chemically  pure  benzol  selling  for  eighty  cents  and 
chemically  pure  toluol  as  high  as  seven  dollars  a  gallon. 

The  first  large  modern  plant  for  the  manufacture  of 
chemically  pure  products  was  put  in  operation  in  May,  191 5. 
The  total  production  of  benzol  products  increased  more  than 
one  hundred  per  cent  that  year,  over  22,000,000  gallons 
being  produced.    In  the  first  part  of  191 7,  there  were  about 
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forty  benzol  recovery  plants  in  operation  with  by-product 
coke  plants,  having  a  capacity  of  30,000,000  tons  of  coal  per 
annum.  At  that  date  other  gas  companies  (besides  coke 
oven  plants)  manufacturing  gas  for  city  distribution,  such 
as  Syracuse,  N.  Y.,  Des  Moines,  Iowa,  Philadelphia,  Pa., 
and  Washington,  D.  C,  were  also  recovering  toluol  from 
their  gas.  The  first  three  of  these  are  owned  and  operated 
by  the  United  Gas  Improvement  Co.,  of  Philadelphia,  who 
designed  their  own  toluol  plants,  while  the  last  is  a  locally 
operated  company  using  a  toluol  plant  installed  by  the 
Koppers  Company. 

On  account  of  most  illuminating  gas  companies  having 
to  keep  their  gas  at  a  certain  photometric  or  calorific  value, 
they  generally  return  the  benzol  and  xylol,  selling  only  the 
toluol.  Sometimes  it  is  necessary  to  purchase  extra  benzol 
for  enrichment. 

Since  the  United  States  has  entered  the  war,  there  are 
a  great  many  city  gas  plants  preparing  to  recover  the  light 
oil  from  their  gas.  Standards  for  the  gas  are  also  being 
lowered  in  order  to  assist  them  and  thereby  aid  the  United 
States  to  prosecute  the  war. 

On  January  i,  191 7,  benzol  was  selling  at  fifty-five 
cents  a  gallon  and  toluol  at  one  dollar  and  seventy-five  cents 
to  two  dollars  and  a  half.  On  January  i,  1918,  there  were 
no  prices  quoted  as  the  Government  is  taking  all  of  these 
products  and  there  is  very  little  to  be  had  on  the  open 
market. 

Quite  a  few  people,  no  doubt,  are  asking  what  will 
become  of  this  wonderfully  developed  industry  after  the 
war  is  fought  and  won.  There  will  still  be  enough  demand 
for  these  products  to  pay  to  continue  the  operation  of  these 
plants.  In  the  explosive  field  we  make  the  powerful  ex- 
plosive T.  N.  T.,  trinitrotoluol  and  tetranitroaniline.  These 
no  doubt  will  be  used  more  in  the  future  for  blasting  than 
in  the  past,  their  superior  qualities  for  this  purpose  having 
been  demonstrated  by  the  war.  In  the  future  the  United 
States  will  no  doubt  adopt  a  diflferent  military  policy  to 
what  she  has  in  the  past,  and  as  the  lasting  qualities  of  T. 
N.  T.  permit  it  to  be  stored  without  deterioration,  a  great 
deal  will  probably  be  manufactured  owing  to  more  military 
training. 

Likewise,  as  in  the  recovery  of  toluol,  the  war  will 
cause  an  increase  in  chemical  industries  and,  therefore,  in- 
sure a  greater  market  for  benzol  to  be  used  in  the  manu- 
facture of  synthetic  products.  Benzol  is  used  in  the  pro- 
duction of  nitro-benzene,  aniline  and  its  derivatives,  and 
synthetic  phenol.     Due  to  the  increase  in  production  of  the 
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various  condensation  products  of  phenol  and  formaldehyde, 
the  manufacture  of  synthetic  phenol  may  be  considered  as 
a  very  important  outlet  for  benzene.  From  toluol  we  ob- 
tain benzaldehyde,  saccharine  and  banzoic  acid  and  from 
meta-xylene  some  important  dyes  and  also  toluic  acid. 

The  question  of  using  benzol  as  a  motor  fuel  is  of  no 
mean  importance.  Before  the  war  Germany  used  over  fifty 
per  cent  of  her  benzol  production  in  the  operation  of  internal 
combustion  engines.  J.  S.  Critchley,  president  of  the  British 
Institution  of  Automobile  Engineers,  has  made  the  state- 
ment that  the  carbu ration  of  benzol  presents  no  difficulties 
and  that  in  actual  practice  the  material  gives  an  increase  in 
mileage  of  about  twenty  per  cent  over  gasoline,  affording 
at  the  same  time  twelve  to  fifteen  per  cent  more  power. 
A  series  of  tests  made  in  1913,  at  Brooklands,  England, 
showed  an  average  of  five  miles  increase  per  gallon. 

Mr.  F.  W.  Speer,  Jr.,  Chief  Chemist  of  the  H.  Koppers 
Company,  states  in  a  paper  read  at  the  New  York  meeting 
January  12,  1917,  of  the  American  Institute  of  Chemical 
Engineers : 

"The  demands  of  the  automobile  industry  alone  are  so  great 
as  to  preclude  the  possibility  of  any  destructive  competition  between 
benzol  and  gasoline  *****  The  benzol  recovery  plants  now  in 
course  of  construction,  together  with  those  already  operating,  will 
make  an  annual  production  of  about  fifty  million  gallons  of  benzol. 
There  are  now  over  two  million  automobiles  in  operation  in  this 
country,  so  that  the  contemplated  benzol  production  would  give 
each  machine  about  twenty-five  gallons.  If  all  the  coke  that  the 
country  now  requires  were  coked  in  by-product  ovens  with  benzol 
recovery  apparatus,  we  should  expect  a  total  benzol  production  of 
about  one  hundred  and  ten  million  gallons  or  fifty-five  gallons  per 
machine.  This  total  benzol  would  be  less  than  half  the  amount  of 
gasoline  and  naptha  exported  in  1915." 

Another  phase  in  the  use  of  benzol  is  its  employment 
in  the  manufacture  of  paints,  varnishes,  stains  and  lacquers. 
It  is  used  extensively  in  the  cleaning  industry;  in  the  ex- 
traction of  fats  and  greases ;  as  a  solvent  for  rubber  and  for 
the  manufacture  of  artificial  leather  and  insulating  mater- 
ials. 
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THE    MANUFACTURE    OF    TELEPHONE    CABLE 
SHEATH 

By  D.  P.  Craig,  '12 

The  present  process  of  manufacturing  lead  sheath 
for  telephone  cable  is  by  the  extrusion  of  the  lead  under 
high  pressure  around  the  cable  core.  This  principle  of 
extrusion  through  a  die  under  pressure  is  a  very  old  one, 
starting  out  with  a  simple  hand  screw  press  and  a  round 
die  forming  lead  rod.  The  evolution  of  the  present  hydraulic 
extrusion  presses  from  such  a  small  beginning  has  been 
gradual  and  has  required  the  work  of  many  engineers  and 
inventors.  And  at  present  changes  are  being  tried  out  in 
search  of  further  improvements. 

The  first  patents  on  record  were  taken  out  in  England 
in  1797,  with  lead  extruded  in  round  rods.  One  of  the 
early  designers  was  J.  Robertson,  who  in  1847  turned  out 
a  machine  for  extruding  lead  sheets.  One  of  the  present 
presses  used  to  great  extent  in  lead-covered  cable  manufac- 
ture is  the  Robertson  press. 

The  first  record  of  the  use  of  the  extrusion  press  for  tele- 
phone cable  was  in  British  Patent  No.  10799,  obtained  by 
William  Young  and  Archibald  McNair,  manufacturers  and 
merchants,  of  Paisley,  on  August  4,  1845.  This  patent 
covered  an  improved  method  of  manufacturing  electrical 
conductors  "formed  of  one  or  more  copper,  iron  or  other 
metallic,  or  mixed  metallic  wires."  The  wires  were  covered 
"with  threads  in  a  plaited  or  braided  form  by  means  of  a 
braiding  machine."  Having  been  covered,  they  were  wound 
on  reels  and  then  unwound  from  the  reels  through  a  lead 
press,  first  passing  through  a  cistern  of  molten  pitch.  Two 
methods  of  lead-press  operation  are  described ;  "containers" 
and  "die  blocks"  are  fully  illustrated ;  the  consistency  and 
temperature  of  the  lead  defined,  and  suitable  methods  of 
applying  heat  to  both  the  insulating  material  suggested. 

The  patentees  claim  "the  construction  and  manufacture 
of  the  electrical  conductors  by  the  employment  of  machinery 
having  a  tubular  mandril  or  hollow  rod  through  which  wires 
may  be  drawn,  while  the  lead  or  other  soft  metal  tube  is 
forming,  by  pressure  between  a  core  and  die,  such  wires 
being  at  the  same  time  imbedded  in  pitch  or  other  non- 
conducting material."  (British  Specification  No.  10799, 
1845.) 

It  is  remarkable  that  this  is  the  principle  which  is 
generally  used  today,  although  other  methods  have  been 
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tried  and  used  since.  At  one  time  the  lead  tube  was  made 
and  then  the  cable  core  was  drawn  in  the  tube. 

The  Robertson  press  is  one  of  the  latest  forms  otf  ex- 
trusion presses.  The  base  of  the  press,  a  heavy  steel  cast- 
ing, contains  the  water  cylinder,  which  is  copper  lined.  At 
the  top  of  the  press,  another  heavy  steel  casting  is  supported 
and  held  rigid  by  four  steel  columns.  The  water  ram  is 
free  to  move  vertically  in  the  waetr  cylinder,  depending 
upon  the  direction  of  the  water  pressure.  The  die  block 
is  placed  on  the  water  ram  and  above  the  die  block  is  the 
lead  cylinder  bolted  to  the  bolster  plate  on  the  water  ram. 
The  lead  plunger  is  bolted  to  the  top  of  the  press. 

Associated  with  the  press  is  a  mixing  and  melting  kettle 
which  is  a  kettle  of  12,000  lbs.  capacity  over  a  gas  burner. 
The  metal  mixture  is  kept  at  a  temperature  of  600°  Fahr. 
and  is  constantly  stirred.  The  metal  is  drawn  off  from  a 
valve  at  the  bottom  of  the  kettle  and  runs  down  a  trough 
into  the  lead  cylinder  of  the  press.  As  the  metal  is  used 
the  kettle  is  supplied  with  an  equal  amount  of  solid  metal 
in  the  form  of  pigs.  This  solid  metal  is  loaded  into  the 
kettle  by  hand. 

The  press  is  driven  by  hydraulic  pressure  from  a  four- 
cylinder  pump.  This  pump  is  driven  by  a  four-speed  motor 
controlled  by  the  operator  at  the  lead  press.  The  speeds  of 
the  motor  vary  from  300  to  900  r.p.m.  and  the  horsepower 
from  12  to  35.  The  smaller  the  cable,  the  slower  the  travel 
of  the  water  ram  and  consequently  the  slower  is  the  motor 
speed  used. 

The  pump  has  a  heavy  fly  wheel  on  the  draft  to  absorb 
any  shock  and  to  keep  the  pump  working  evenly  under  all 
conditions.  The  four  plungers  are  driven  by  eccentrics 
on  the  shaft  and  are  all  one  quarter  of  a  revolution  apart. 
With  each  up-stroke  the  inlet  valve  is  opened  and  water  is 
drawn  in,  and  with  each  down  stroke  the  water  is  forced 
out  through  the  outlet  valve.  With  the  high  pressures  used 
the  plunger  must  be  packed  without  a  leak. 

The  pressure  line  from  the  pump  enters  a  controlling 
valve  handled  by  the  operator  at  the  press.  By  means  of 
this  valve  the  pressure  can  be  directed  into  the  bottom  of 
the  cylinder  forcing  the  ram  upward,  or  into  the  top  of 
the  cylinder  forcing  the  ram  downward.  In  this  latter  case 
a  by-pass  valve  is  also  opened,  allowing  the  water  below 
the  ram  to  escape  very  rapidly. 

Three  packings  (leather)  are  used  and  the  top  packing 
is  held  in  place  by  the  gland  at  the  top  of  the  cylinder.  The 
middle  packing  is  V-shaped  and  is  fastened  to  the  shoulder 
near  the  bottom  of  the  water  ram.    The  bottom  packing  is 
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cup-shaped  and  fastened  to  the  bottom  of  the  ram.  These 
packings  stand  a  water  pressure  of  6,000  pounds  per  square 
inch  and  when  they  wear  out  the  ram  is  removed  and 
new  packings  set  in  place. 
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The  die  block  is  made  of  chrome  steel  forging.  The 
top  and  bottom  halves  bolted  together  have  a  straight  bore 
4  7/16"  diameter,  which  holds  the  core  tube.  Core  tubes 
are  tubes  of  steel  with  the  outside  diameter  the  same  to 
fit  the  bore  of  the  die  block.  The  inside  diameter  varies 
in  the  different  core  tubes  according  to  the  diameter  of  the 
cable  core  the  tube  was  designed  for.  The  core  tube  is 
rounded  down  to  a  thin  nose  at  the  forward  end.  This  nose, 
when  the  core  tube  is  in  place  in  the  die  block,  sets  forward 
in  the  die  with  enough  annular  space  between  the  core  tube 
and  die  to  allow  lead  to  flow  through  forming  sheath  of 
the  required  thickness.  The  core  tube  is  cigar  shaped  and 
resembles  in  appearance  a  4>^"  shell. 

The  die  is  a  ring  with  outside  diameter  4  7/16"  for  the 
4  7/16"  die  block  and  the  inside  diameter  is  the  same  as 
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the  outside  diameter  of  the  lead  sheath  formed.  The 
thickness  of  the  sheath  is  regulated  by  adjusting  a  nut 
which  holds  the  die  in  the  die  block.  If  the  nut  is  loosened, 
the  pressure  of  the  lead  forces  the  die  forward,  increasing 
the  annualar  space  between  the  core  tube  and  the  die, 
thus  increasing  the  thickness  of  the  sheath.  If  the  nut 
is  tightened  the  opposite  results  are  obtained  and  the 
sheath  is  made  thinner. 

The  cylinder  is  a  hollow  cylinder  of  cast  steel  with  a 
groove  cut  out  around  the  bottom  to  fit  over  the  hub  of  the 
die  block,  insuring  a  good  grip.  Inside  of  the  cylinder  is 
pressed  a  nickel  chrome  steel  bushing  lo  inches  inside  diam- 
eter and  about  3  inches  thick.  This  bushing  undergoes 
very  severe  usage  as  cooling  water  circulates  though  a 
helical  groove  cut  in  the  cylinder  around  the  bushing;  and 
the  inner  surface  of  the  bushing  is  in  contact  with  the 
molten  metal.  In  addition  to  the  strains  caused  by  the 
temperature  range  is  the  pressure  on  the  metal. 

The  press  operation  is  briefly  as  follows:  The  water 
ram  is  backed  down  until  the  lead  plunger  is  clear  of  the 
lead  cylinder.  A  charge  of  molten  metal  (7CX)  pounds)  is 
run  from  the  kettle  into  the  cylinder.  The  water  ram  is 
moved  up  until  tliere  is  a  total  pressure  of  200  tons  on  the 
ram;  this  pressure  is  kept  constant  until  the  metal  in  the 
cylinder  has  just  passed  the  solidifying  point,  at  which 
time  the  extrusion  begins.  The  pressure  of  extrusion  varies 
slightly,  depending  upon  the  size  of  the  cable,  the  tempera- 
ture of  the  die  block  and  like  conditions,  but  it  usually  is 
approrximately  2000  tons  on  the  ram.  The  lead  is  forced 
downward  .  from,  the  cylinder  through  the  opening  in  the 
top  of  the  die  block  into  the  die  block  pocket,  which  is 
the  space  cut  in  the  block  around  the  nose  of  the  core  tube. 
At  this  point  the  lead  is  turned  forward  and  passes  out  of 
the  die  block  between  the  core  tube  lip  and  the  die,  in 
the  form  of  annular  sheath.  As  this  sheath  extrudes  it 
pulls  with  it  the  cable  core. 

The  cable  core  is  fed  into  the  back  of  the  die  block 
from  a  reel  and  is  pulled  through  by  the  lead  sheath.  The 
lead-covered  cable  thus  formed  is  taken  up  in  front  of  the 
press  on  a  regular  cable  reel. 

The  field  of  the  mechanical  engineer  in  lead  press  work 
is  to  follow  up  the  work  of  those  engineers  and  designers 
who  have  gone  before.  He  should  endeavor  to  improve 
the  presses  or  other  machinery  by  changes  in  design;  to 
make  working  conditions  better;  to  increase  the  output  by 
some  method  of  decreasing  or  eliminating  the  cooling 
period;  to  reduce  costs  by  use  of  better  materials  in  the 
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pump  or  press.  He  should  study  the  action  of  the  lead  and 
try  to  increase  the  quality  and  durability  of  the  sheath 
formed,  by  experimenting  with  different  mixtures  of  metals. 
A  study  of  the  effect  of  temperature  on  the  action  of  the 
lead  in  the  die  block  should  also  be  made.  There  are  many 
roads  to  improvements  as  the  press  of  tomorrow  is  sure 
to  be  different  from  the  press  of  today. 
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INDUSTRIAL  ENGINEERING  AT  PURDUE 

By  J.  E.  Hannum 

The  cry  for  men  in  all  lines  of  activity  is  nation-wide. 
Particularly  is  this  true  in  industrial  enterprises.  The 
Government  has  asked  Industry  to  supply  the  many  mate- 
rial requirements  of  her  fighting  forces  across  the  sea, 
and  Industry  is  responding  nobly  and  loyally.  Industry 
has  thrown  open  her  workshops  and  factories  to  the  needs 
of  the  Government,  and  is  putting  forth  every  effort  to  do 
her  "bit,"  which,  as  prime  mover,  is  all-essential.  That 
she  is  prime  mover  is  clear  upon  a  little  reflection.  She 
makes  possible  the  training  of  troops  at  home  by  building 
cantonments ;  she  transports  them  to  the  field  of  battle  with 
her  ocean  craft;  she  equips  them,  feeds  them,  and  re- 
lieves their  pains  and  sufferings  while  upon  the  battle  field. 
To  do  all  this.  Industry  is  being  pushed  to  her  maximum 
capacity. 

The  very  fact  that  this  appealing  call  for  aid  has  been 
made,  has  caused  managers  everywhere  over  the  country 
to  ask  themselves  how  they  are  going  to  be  able  to  meet 
the  unusual  conditions  brought  about  by  this  world  war. 
Problems  of  every  sort  and  character,  which  tax  to  the  ut- 
most the  managerial  ability  and  technical  knowledge  of 
the  executives  of  industry,  must  be  solved  over  night — 
problems  arising  from  conditions  and  causes  that  never 
existed  before.  The  solutions  of  these  problems  are  not 
found  in  technical  literature  or  in  reports  of  research  and 
investigation  along  engineering  lines.  They  are  entirely 
present-day  and  must  be  met  by  the  common  sense  and 
judgment  of  executives  which  have  been  brought  about  by 
years  of  practical  experience  and  an  accumulation  of  gen- 
eral knowledge  of  industrial  methods.  The  Government 
appeals  to  Industry.  Industry  in  turn  depends  upon  the 
guidance  and  controlling  force  of  her  directors,  to  be  able 
to  meet  this  demand. 

Less  than  a  quarter  of  a  century  ago,  there  was  estab- 
lished a  new  science,  namely,  the  Science  of  Management. 
The  introduction  of  this  science  into  business  methods  was 
made  possible  by  the  unceasing  energy  and  detailed  inves- 
tigations of  its  founder,  Dr.  F.  W.  Taylor.  Since  then  its 
growth  has  been  rapid  and  its  influences  have  been  far- 
reaching;  no  longer  is  it  considered  as  a  new,  untried 
science.  Too  many  important  concerns  throughout  the 
country  have  definitely  determined  the  worth  and  value  of 
the  improved  methods  of  management  as  outlined  by  the 
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Principles  of  Scientific  Management.  It  has  favored  the 
employer  and  the  employee  alike;  above  all,  it  has  entered 
the  field  of  business  enterprise  as  the  mediator  between 
the  ever  necessary  and  conflicting  forces — capital  and  labor. 
But  never  in  the  life  of  this  science  has  there  been  such  an 
opportunity  as  today  for  it  to  demonstrate  its  true  worth 
and  unquestionable  value.  Unfortunately,  this  opportunity 
has  been  given  by  a  horrible  conflict  demanding  human  lives, 
but  it  js  here  and  must  be  met.  It  is  by  the  Laws  of  Scien- 
tific Management — the  Principles  of  Industrial  Engineering 
— that  the  executive  must  find  assistance. 

Industrial  problems  of  today  are  difficult  of  solution 
because  they  are  unusual  and  exceptional.  Greatest  of 
them  all,  however,  is  the  question  of  shortage  of  men, 
and  being  greatest  it  is  likewise  largely  responsible  for  them 
all.  Broadly  speaking,  such  results  as  these  have  been  pro- 
duced by  the  demands  of  the  war,  and  it  can  be  seen  that 
the  influencing  factor,  either  directly  or  indirectly,  has  been 
the  shortage  of  labor. 

1.  A  great  many  men  have  been  called  from  indus- 
trial pursuits  into  the  service  of  their  country.  This  tem- 
porarily crippled  production,  but  immediate  adjustment  was 
made  by  enlisting  woman  labor  to  fill  the  vacancies. 

2.  The  increased  consumption  of  materials  for  war 
purposes,  and  the  inability  to  meet  this  at  once,  has  resulted 
in  a  temporary  check  to  production.  This  is  gradually  and 
effectively  being  adjusted  by  the  efforts  of  various  Federal 
departments. 

3.  Likewise  the  transportation  of  materials  and  sup- 
plies affected  directly  or  indirectly  the  output  of  plants  all 
over  the  country.  Adjustment  is  also  being  accomplished 
in  this  by  Federal  Administration. 

4.  Because  of  the  urgent  need  for  war  munitions  and 
war  equipment  of  all  kinds,  plants  have  been  required  to 
speed  up  production  so  as  to  obtain  a  maximum  output. 

What  is  the  result  of  this  brief  summarization  of  influ- 
ences that  are  being  brought  to  bear  upon  industrial  enter- 
prises? The  four  points,  mentioned  above,  show  clearly 
that  industry  is  attempting  to  carry  a  peak  load  under  such 
enormous  handicaps  as  labor  shortage,  inexperienced  work- 
men, scarcity  of  materials,  delayed  transportation,  and,  in 
some  instances,  public  criticism.  Can  the  industrial  estab- 
lishments of  the  United  States  be  expected  to  do  in  one 
year  what  has  been  brought  about  in  Germany  in  the  last 
fifty  years? 

The  underlying  cause  of  all  these  abnormal  conditions 
is  the  great  reduction  in  the  laboring  force  made  necessary 
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by  the  call  to  service.  Not  only  has  this  call  reduced  the 
number  of  workment  for  the  activities  of  the  shop,  but  it 
has  also  taken  men  who  have  been  directing — men  perform- 
ing the  duties  of  rrianagerial  activities.  It  is  a  well-known 
fact  that  the  more  authority  that  an  individual  has  in  an 
organization,  the  more  difficult  it  is  to  replace  him  with 
another.  Many  industrial  organizations  at  present  are  mere 
skeletons  of  what  is  actually  required.  The  different  parts 
of  this  weakened  framework  are  held  together  almost  en- 
tirely by  the  loyalty  and  unselfish  resignation  of  energy  to 
the  cause  of  humanity  shown  by  those  who  are  left.  The 
functions  of  the  various  parts  of  such  organizations  must 
be  distributed  among  fewer  men,  but  they  must  still  be  car- 
ried on.  It  is  evident,  then,  that  it  is  of  great  importance 
that  men  receive  training  along  such  lines  as  will  equip 
them  to  complete  the  personnel  of  the  organizations  direct- 
ing iiidustry. 

How  is  Purdue  University  equipped  to  meet  this  pres- 
ent-day need?  A  few  years  ago  a  course  in  Industrial 
Engineering  was  begun,  in  a  way  not  at  all  presupposing, 
as  a  Senior  elective  in  the  School  of  Mechanical  Engineer- 
ing. Since  that  time  it  has  grown  slowly  but  steadily  until 
at  the  present  time  it  is  a  full  Senior  option.  There  are 
six  lines  of  study  required  by  those  taking  the  option : 

1.  A  general  course  in  the  Principles  of  Industrial 
Management,  including  consideration  of  Factory  Location, 
Design  and  Construction  of  Factory  Buildings,  Factory 
Planning,  Handling  Material,  Classifying  and  Indexing, 
Time  and  Motion  Study,  Specialization,  Standardization. 
Types  of  Ownership,  Organization  Control,  Wage  Systems, 
Methods  of  Planning  Department,  Purchasing  Department, 
Stores  and  Stock  Department,  Labor  Problems  and  Labor 
Unionism,  Factory  Legislation,  Welfare  Work,  and  Indus- 
trial Education. 

2.  A  special  course  in  Heating  and  Ventilating  prob- 
lems as  met  with  by  the  Works  Manager. 

3.  The  designing  of  lighting  systems  for  industrial 
plants  and  the  study  of  modern  Factory  Illumination  de- 
velopment. 

4.  A  course  covering  the  essential  principles  of  Cost 
Accounting  with  an  introduction  to  the  fundamentals  of 
Bookkeeping. 

5.  A  series  of  lectures  on  Factory  Sanitation,  Hygiene 
and  First  Aid. 

6.  Industrial  Design,  which  is  the  solution  of  practical 
problems  as  met  with  by  local  concerns. 


Digitized  by 


Google 


Industrial  Engineering — Hannum  71 

Further  than  this  the  theses  prepared  for  the  Bach- 
elors' Degrees  must  be  of  a  practical  nature. 

During  the  brief  time  that  this  complete  course  has 
been  administered,  many  problems  of  importance  to  indus- 
trial concerns  have  been  solved.  A  review  of  those  which 
have  been  accomplished  in  the  last  two  years  will  be  pre- 
sented here,  since  it  is  during  that  time  only  that  the  author 
has  come  in  contact  with  the  work. 

The  Sanitary  Metal  Basket  Company  of  LaFayette, 
Ind.,  manufactures  delivery  baskets  for  grocerymen.  These 
baskets  are  made  from  sheet  metal,  the  various  parts  being 
cut  out  and  put  together  over  a  form.  The  company  con- 
templates building  a  new  factory,  and  the  problem  presented 
was  to  make  an  investigation  from  which  could  be  deter- 
mined the  location  of  departments  and  the  proper  placing 
of  equipment.  To  do  this  it  was  necessary  to  study  the 
different  steps  in  the  process  of  manufacture  in  order  to 
find  out  the  exact  sequence  of  these  steps.  Detailsd  time 
studies  were  taken  in  order  to  determine  the  necessary 
number  of  machines  neded  in  th  sequence  to  keep  the  prime 
movers  busy.  From  the  data  thus  obtained  it  was  possible 
to  determine  the  exact  number  of  machines  and  workmen 
required  to  turn  out  any  given  product. 

There  are  various  sizes  of  these  baskets  made.  It  was 
desired  to  know  accurately  all  of  the  items  of  expense  enter- 
ing into  the  complete  cost  of  production.  These  items  were 
divided  into  direct  material,  direct  labor,  and  overhead 
charges  or  burden,  and  were  arrived  at  as  follows : 

1.  All  direct  labor  charges  were  obtained  by  establish- 
ing a  standard  time  schedule  and  by  knowing  the  various 
rates  of  pay  of  all  employees. 

2.  The  material  charges  were  obtained  by  calculating 
by  exact  measurement  the  amount  of  raw  material  entering 
into  the  finished  product,  and  by  reference  to  invoices  of 
material  for  prices. 

3.  The  items  of  burden  expenses  were  easily  obtained 
from  the  expense  account  of  preceding  periods.  The  dis- 
tribution of  this  expense,  however,  was  a  more  difficult 
problem.  Since  the  main  item  of  cost  is  material,  it  was 
decided  to  allot  the  overhead  expense  to  the  various  sizes 
as  a  prorated  amount  in  accordance  to  the  amount  of  direct 
material  used  in  each  size. 

4.  An  accurate  schedule  of  selling  prices  was  then 
established  by  adding  a  prorated  amount  of  general  admin- 
istrative expense  and  a  pre-determined  necessary  profit. 

Appella  Juice  is  manufactured  by  the  National  Fruit 
Juice  Company  of  LaFayette,  Ind.    This  juice  is  made  from 
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crushed  apples,  and  the  steps  in  the  process  involve  the 
unloading  of  apples  into  bins,  the  picking,  crushing  and 
pressing,  secret  process  in  the  sterilization  of  the  juice,  and 
the  drying  of  the  pomace,  which  is  a  by-product. 

The  solution  of  the  problem  was  the  placing  of  all 
equipment  so  that  the  material  would  be  handled  as  little  as 
possible.  It  meant  the  proper  location  of  bins,  conveyors, 
hydraulic  presses,  pickers,  crushers,  pumps,  accumulators, 
transfer  tracks,  tanks,  and  a  large  evaporator. 

The  Barbee  Iron  Works  of  LaFayette,  Ind.,  has  offered 
some  interesting  problems,  important  of  which  was  the  de- 
sign of  a  complete  lighting  system  for  the  entire  plant.  This 
system  as  planned  has  later  been  installed  almost  entirely 
in  accordance  with  the  specifications  as  outlined  by  the 
students.  At  a  later  date,  equipment  layouts  for  two  de- 
partments making  special  bent  wire  products  were  drawn 
up.  Recently  a  thirty-day  test  has  been  conducted  in  the 
Tinning  Department  of  this  company.  The  purpose  of  this 
was  for  the  information  of  the  Cost  Department.  It  meant 
the  keeping  of  accurate  records  of  all  finished  product  that 
passed  through  the  Tinning  Department  during  the  time  of 
the  test.  To  determine  the  quantities  of  materials  used  by 
the  department  in  tinning  all  the  diflferent  products,  accurate 
weights  had  to  be  obtained  of  all  these  products  before 
cleaning,  after  cleaning  and  after  tinning. 

The  Diamond  Chain  and  Manufacturing  Company,  of 
Indianapolis  has  likewise  made  it  possible  for  the  men 
taking  the  course  to  come  in  contact  with  actual  problems 
as  presented  by  industrial  concerns.  The  work  there  has 
been  along  two  entirely  different  lines,  first,  a  study  of  the 
Tumbling  Department,  and,  second,  a  twenty-hour  test  to 
determine  the  most  efficient"  speed  to  run  automatic  screw 
machines.  Both  of  these  investigations  brought  out  inter- 
esting and  useful  facts. 

The  Rockwood  Manufacturing  Company  of  Indianap- 
olis desired  time  studies  to  be  taken  in  order  to  revise  the 
bonus  system  of  wage  payment  which  has  been  in  use  for 
a  number  of  years.  Since  the  time  of  installation  many 
changes  have  been  made  and  many  new  processes  have  been 
introduced  so  that  it  was  necessary  to  break  up  the  opera- 
tions on  each  line  and  style  of  product  into  the  elementary 
parts.  By  detailed  time  study  of  each  elementary  opera- 
tion a  standard  time  for  doing  that  operation  was  estab- 
lished. 

By  far  the  largest  problems  undertaken  during  these 
two  years  have  been  the  Shop  Layouts  as  prepared  for  the 
Monon  Shops  at  LaFayette,  Ind.,  and  the  collection  of  data 
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for  a  Complete  Cost  System  at  the  Indiana  Wagon  Com- 
pany's plant,  also  at  LaFayette.  Both  of  these  represent 
the  work  done  in  Industrial  Design  during  the  last  two 
years  and  each  one  covers  a  period  of  one  year. 

In  the  year  1916-17,  the  entire  class  of  thirteen  men 
were  set  to  work  to  design  a  complete  layout  of  the  Repair 
Shops  of  the  Monon  Railroad.  The  development  was  in 
accord  with  ideas  and  plans  of  the  officials  of  the  company. 
It  was  necessary  at  the  start  to  collect  a  great  deal  of  data 
as  preliminary  work.  This  included  complete  floor  plans  of 
all  departments,  showing  the  location  of  all  windows,  doors, 
passageways  and  production  equipment.  In  addition,  lay- 
outs were  made  of  all  service  equipment  as  the  heating  sys- 
tem, the  lighting  system,  and  the  industrial  railway  system. 

The  next  part  of  the  work  was  the  building  up  of 
route  charts  to  show  the  exact  path  of  every  part  as  it 
passed  through  the  shops.  This  was  particularly  hard  to 
do  since  a  repair  shop  presents  an  intricate  problem  and 
since  all  the  necessar>'  information  had  to  be  obtained 
by  interviewing  the  foremen.  A  get-together  meeting  was 
held  one  evening  in  the  rooms  of  the  West  LaFayette  Club 
for  this  purpose.  The  route  charts  prepared  were  the  basis 
of  all  the  work  which  followed. 

After  carefully  studying  the  existing  conditions,  new 
layouts  of  all  departments  were  made  to  take  care  of  con- 
templated future  expansion  and  all  old  equipment,  together 
with  what  new  equipment  was  necessary,  was  located  on 
the  new  layouts.  The  floor  plans  completed,  new  route 
charts  were  made  showing  the  future  paths  of  all  parts 
through  the  shops.  As  far  as  possible  all  equipment  was 
so  placed  that  the  routing  of  each  part  would  not  retrace 
itself,  but  would  go  straight  through  from  the  source  to  the 
final  assembly.  The  exact  distance  traveled  by  each  part 
was  measured  both  according  to  the  old  layout  and  the  new, 
to  show  the  gain  in  time  and  expense  of  handling  accom- 
plished. 

Incidental  to  this  work  were  a  great  many  investiga- 
tions along  different  lines.  For  instance,  the  records  for 
a  period  of  five  years  were  studied  to  determine  the  aver- 
age length  of  time  and  cost  of  shopping  of  the  diflferent 
types  of  locomotives,  together  with  a  detailed  analysis  of 
the  frequency  with  which  certain  parts  needed  repairing. 
In  addition,  methods  of  handling  material,  the  care  of  equip- 
ment, the  storing  of  all  materials,  checking  system  for  tools, 
and  provisions  for  the  care  and  upkeep  of  tools  were  out- 
lined. Altogether  the  final  report  as  submitted  covered 
many  details  and  lines  of  investigation. 
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During  the  present  year  the  Indiana  Wagon  Works  has 
presented  a  problem  of  timely  interest  and  importance,  i.  e., 
the  establishment  of  a  Cost  System.  The  entire  class 
of  seventeen  men  have  worked  on  the  problem  during  the 
time  they  have  had  scheduled  for  Industrial  Design.  A 
great  amount  of  information  had  to  be  collected  of  which 
no  records  had  been  kept  and  the  officials  and  foremen  co- 
operated in  every  way  possible. 

The  development  of  this  problem  as  the  work  pro- 
gressed naturally  divided  itself  into  four  parts: 

1.  The  collection  of  preliminary  data. 

2.  The  classification  and  study  of  the  data  as  obtained 
and  the  making  of  floor  plan  layouts  and  route  charts. 

3.  The  taking  of  time  studies. 

4.  The  labor  and  material  cost  analysis. 

It  was  first  necessary,  in  order  to  become  thoroughly- 
familiar  with  the  various  methods  of  manufacture  and  the 
type  of  product,  to  have  available  a  complete  layout  of 
the  entire  plant.  Consequently,  drawings  were  made  show- 
ing the  location  of  all  departments,  machines,  benches,  stor- 
age spaces,  lumber  sheds,  and  dry  kilns.  An  assembled 
wagon  was  gone  over  by  one  of  the  foremen  so  that  every- 
one could  familiarize  himself  with  the  names  and  location 
of  the  parts  of  the  wagon. 

The  class  entertained  the  foremen  on  two  different 
evenings  and  at  these  meetings  information  as  to  the  vari- 
ous operations  performed  on  the  diflferent  parts  and  the 
sequence  of  these  operations  was  obtained  together  with  a 
great  deal  of  other  required  data. 

With  this  information  at  hand,  floor  plan  layouts  of 
every  department  were  made,  and  route  charts  showing  the 
path  of  each  part  were  drawn.  The  names  of  the  various 
parts  of  the  wagon  were  listed  and  likewise  a  classified  list 
of  all  equipment  was  made.  A  mnemonic  symbol  system 
was  devised  for  all  departmehts,  production  centers,  and 
wagon  parts.  Forms  were  designed  to  take  care  of  tabula- 
tions of  data. 

Then  followed  the  collection  of  operation  time  studies 
of  each  part.  A  schedule  of  operations  by  machines  and 
another  schedule  by  parts  were  worked  out  frorh  which 
were  designed  time  study  cards.  On  these  were  placed  all 
information  as  collected.  The  time  elements  thus  obtained 
were  used  as  the  basis  of  the  final  cost  sheets. 

Cost  sheets  for  all  the  direct  material  entering  into  the 
wagon  were  prepared  from  past  records  of  material  costs. 
These  listed  the  dimensions,  quantity,  qualit>%  unit  price. 
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and  cost  per  part  of  all  direct  material.  Cost  sheets  for  all 
direct  labor  were  likewise  prepared. 

As  this  edition  goes  to  press,  a  final  analysis  of  all  data 
and  information  is  being  made  to  arrive  at  a  definite  cost 
of  all  direct  labor  and  material.  Due  to  lack  of  time  no 
attempt  has  been  made  to  take  up  the  consideration  of 
burden,  but  it  is  hoped  that  at  some  future  date  the  develop- 
ment can  be  carried  further. 

Space  allows  only  a  brief  outline  of  the  work  that  is 
being  accomplished  along  the  lines  of  investigation  as  set 
forth  in  this  article.  The  results  as  obtained  by  the  careful 
study  and  solution  of  all  these  problems  have  been  highly 
satisfactory.  It  is  the  attempt  of  those  administering  the 
course  to  make  it  as  practical  as  possible,  in  order  that  those 
men  who  leave  Purdue  are  better  able  to  understand  the 
many  intricate  phases  of  industrial  work  and  will  make 
better  managers  when  they  reach  those  positions  of  im- 
portance. 
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STEVENS  RIVER  STAGE  RECORDER 

By.  M.  W.  FuRR,  '13 

The  civil  engineering  department  of  the  Kansas  State 
Agricultural  College,  Manhattan,  Kansas,  has  recently  pur- 
chased and  installed  a  Stevens  Continuous  River  Stage  Re- 
corder in  order  to  obtain  a  complete  record  of  the  stages 
of  the  Kansas  River. 

Stevens  Long  Distance  Continuous  Water  Stage  Re- 
corders are  manufactured  and  distributed  by  Leupold,  Voel- 
pel  &  Co.,  of  Portland,  Ore.  This  company  makes  various 
kinds  of  continuous  water  stage  recorders,  as  well  as  water 
stage  indicators,  all  of  which  are  operated  by  electricity. 
No  attempt  will  be  made  in  this  brief  discussion  to  describe 
these  various  instruments  referred  to ;  attention,  however, 
is  called  to  the  fact  that  the  selection  of  the  instrument  is 
not  unlike  the  selection  of  other  equipment,  but  depends 
on  the  local  conditions  and  the  results  that  are  to  be 
obtained. 

Instrument  Type  G-7,  selected  ia  this  case,  is  of  the 
horizontal  continuous  recording  type,  which  records  each 
rise  or  fall  of  the  river  of  five  hundredths  of  a  foot  (.05  ft.). 
The  drum  or  cylinder  over  which  a  sheet  of  cross-section 
paper  travels  is  operated  by  an  eight-day  clock.  In  this 
way  the  record-sheet  is  forced  to  travel  at  the  uniform 
rate  of  two  and  four-tenths  inches  (2.4  in.)  every  twenty- 
four  hours,  or  one-tenth  of  an  inch  per  hour.  For  each 
rise  or  fall  of  five  hundredths  of  a  foot  of  the  river  the 
recording  pencil  (or  pen)  is  forced  to  move  transversely 
on  the  paper  a  distance  of  one- fortieth  of  an  inch  (1/40 

The  cross-section  paper  is  co-ordinated  as  follows: 
Vertical  or  transverse  rulings  are  spaced  one-tenth  of  an 
inch  apart.  Every  twenty-fourth  ruling  is  a  heavy  line. 
The  longitudinal  rulings  are  spaced  the  same  as  the  trans- 
verse lines.  Every  tenth  ruling  is  a  heavy  line.  Trans- 
versely, one-tenth  of  an  inch  represents  a  change  in  level 
of  two-tenths  of  a  foot ;  five-tenths  of  an  inch  represents  a 
change  in  level  of  one  foot,  or  one  inch  represents  a  change 
of  the  stage  of  the  river  of  two  feet.  The  cross-section  paper 
used  on  this  instrument  is  ten  inches  wide.  Other  types  of  in- 
struments are  so  constructed  that  they  have  different  inter- 
vals both  horizontally  and  transversely,  and  are  used  when 
conditions  demand. 

This  instrument  was  installed  under  the  direction  of 
Professor  L.  E.  Conrad,  head  of  the  civil  engineering  de- 
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partment  of  the  Kansas  State  Agricultural  College,  by 
Mr.  Geo.  P.  Grey  and  Mr.  Harry  Tyrrell,  seniors  in  civil 
engineering  of  the  1917  class,  as  a  thesis.  These  men 
worked  for  some  time  the  later  part  of  the  second  semester, 
constructing  a  stilling  well,  placing  the  "sender,"  placing 
the  "receiver,"  and  making  the  necessary  connections  until 
the  instrument  was  in  satisfactory  operation.  An  exist- 
ing telephone  line,  secured  from  the  local  telephone  com- 
pany by  lease,  serves  to  transmit  the  "messages"  from  the 
sender,  at  the  river,  to  the  receiver  at  the  main  engineering 
building,  a  distance  of  approximately  two  and  one-half 
miles.  This  telephone  line  serves  one  purpose  only,  namely, 
to  transmit  the  messages  of  the  gage,  continuous  service 
was  provided  for  through  the  local  switchboard. 

The  instrument  operates  on  the  open  circuit  plan. 
Briefly  the  operation  is  as  follows:  A  light  perforated 
metal  band,  attached  to  the  float,  passes  over  the  spine 
wheel  of  the  sending  mechanism,  which  is  placed  at  the  top 
of  the  shaft  of  the  stilling  well.  This  metal  band  is  kept 
taut  by  means  of  a  counterpoise  which  swings  on  the  free 
end.  As  the  float  changes  in  level  and  at  certain  instances 
(the  float  having  moved  through  the  proper  interval)  con- 
tacts will  be  formed  through  mercury  cups  on  the  base  of 
the  sender.  In  this  way  a  circuit  is  formed  through  the 
telephone  line,  the  message  going  one  way  through  the  line 
for  a  rising  river  and  in  the  opposite  direction  for  a  fall- 
ing river.  One  of  the  wires,  in  this  case,  is  grounded  to 
complete  the  circuit.  All  messages  are  accoidingly  received 
at  the  recording  station  through  the  relay.  The  polarity 
of  the  relay  will  be  neutralized  or  strengthened,  depending 
on  the  direction  of  the  current.  Contacts  are  formed  and 
the  messages  continue  through  the  home  circuit  in  the 
proper  direction  to  cause  one  or  the  other  of  the  solenoids 
to  act,  thus  moving  the  pencil  transversely  on  the  cross- 
section  paper,  representing  thereby  a  change  equal  to  the 
gage  interval.  In  this  way,  and  with  the  forward  uniform 
motion  of  the  cross-section  paper,  a  continuous  record  of 
the  river  is  obtained.    Fig.  3  shows  the  plan  of  wiring. 

THE  STILLING  WELL 

An  ideal  stilling  well,  presumably,  would  be  a  cement 
concrete  shaft  rigidly  placed  at  a  convenient  point  along 
the  bank  of  the  river  arranged  to  maintain  the  true  water 
level  inside  the  shaft.  The  stilling  well  constructed  and 
serving  the  purpose  in  this  instance  might  be  considered 
as  only  temporary.  It  consists  of  a  2  ft.  x  3  ft.  frame 
shaft   some  twenty   feet  high.     This   structure   is   located 
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at  the  down-stream  end  of  the  east  abutment  of  an  aban- 
doned Santa  Fe  Railroad  bridge  approach.  This  aban- 
doned abutment  stands  at  the  water^s  edge  at  low  water 
and  is  located  north  of  the  Golden  Belt  Highway  bridge 
entering  Manhattan  from  the  southeast.  This  shaft  is 
anchored  to  the  masonry  wall  as  rigidly  as  possible,  fairly 
large  cracks,  however,  are  apparent  between  the  shaft  and 
masonry  wall.  During  high  winds  small  waves  or  eddies 
frequently  rush  around  the  edge  of  the  abutment  and  dash 
through  these  cracks,  causing  the  float  to  oscillate.  These 
irregular  vibrations  of  the  float  may  cause  the  tape  to  get 
out  of  the  guides  and  jump  off  of  the  spine  wheel  of  the 
sending  mechanism.  This  has  occurred  very  seldom,  how- 
ever. Small  leaves,  papers  and  sticks  find  their  way  into 
the  stilling  well  and  collect  around  the  float  and  these  have 
to  be  removed  occasionally.  The  float  is,  of  course,  subject 
to  a  **freeze-in"  during  the  winter  months.  The  instru- 
ment can  be  operated  the  entire  year  if  the  stilling  well  is 
of  the  best  type,  and  if  sufficient  attention  is  given  to  cor- 
rect difficulties  at  once.  Kerosene,  perhaps,  if  used  around 
the  float,  will  avoid  freezing. 

A  direct  reading  river  gage  staff  is  placed  on  the  out- 
side of  the  stilling  well  shaft  so  that  check  readings  may 
be  made  occasionally.  These  direct  readings  are  reduced 
to  mean  sea-level  by  applying  the  proper  elevation  (992.89) 
to  the  zero  of  the  gage. 

THE    SENDER 

The  sender  is  mounted  on  a  horizontal  base  directly 
above  the  float  at  the  top  of  the  frame  shaft.  Attached 
to  each  end  of  the  spine  wheel  shaft,  near  its  bearings,  are 
small  ratchet  wheels  with  their  teeth  opposed  to  each  other. 
As  the  float  moves  up  or  down  through  the  fixed  contact 
interval,  these  ratchet  wheels,  turning  with  the  spine  wheel 
stem,  operate  small  triggers  or  hammers  which,  when  re- 
leased, strike  a  small  metal  ball  and  force  it  to  the  opposite 
end  of  an  inclined  pivoted  hollow  tube.  In  this  way  the 
tube  is  forced  to  dip  its  points  into  a  cup  of  mercury  closing 
the  circuit.  This  tube  on  forming  the  contact  does  not 
come  to  a  horizontal  position.  In  a  short  time  the  ball  will 
roll  back  past  center  and  the  contact  is  broken.  Fig.  i 
shows  wiring  at  the  sender.  Messages  are  intermittently 
transmitted  through  the  line  in  one  direction  or  the  other, 
which  are  accordingly  received  at  the  recording  station. 

THE    RECEIVER 

The  line  is  connected  to  a  specially  designed  polarized 
relay  which  in  turn  is  connected  to  the  solenoids  of  the 
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receiver  through  the  station  battery.  When  contacts  are 
made  the  plunger  of  one  or  the  other  of  the  solenoids  is 
pulled  down  and  this  movement  operates  the  ratchet  wheels. 
The  ratchet  wheels  are  mounted  on  the  same  shaft  with 
their  teeth  in  opposite  directions.  When  the  plunger  arm 
is  moved  the  pawl  will  turn  the  ratchet  wheel  the  space 
of  one  tooth.  This  turns  the  spine  wheel,  which  moves  the 
pencil  latterally  a  corresponding  amount. 
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The  two  ratchet  wheels  of  the  receiver  absolutely  fol- 
low those  of  th  esender,  both  in  direction  and  amount.  The 
receiver  and  the  sender  are  both  provided  with  suitable 
locking  devices  which  prevent  a  contact  being  made  except 
at  the  proper  time.  This  arrangement  protects  the  bat- 
teries, and  prevents  any  movement  of  the  pencil  except  that 
caused  by  the  float.  A  one  ampere  fuse  wire  is  used  at 
the  recording  station  to  protect  the  batteries  in  case  of  con- 
tinuous current. 

A  rising  stage  operates  the  right-hand  solenoid  and 
a  falling  stage  the  left-hand  solenoid.  This  can  always 
be  obtained  by  reversing  the  line  wires  at  the  receiver  end. 
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The  record  is  kept  by  specially  designed  pens  which  do  not 
blur  or  blot.  Pencil  points  and  holders  are  provided  in  case 
they  are  needed. 

The  records  may  be  removed  from  the  instrument  at 
intervals  of  one  month,  quarterly  or  at  any  suitable  period. 
Cross-section  paper  ten  inches  wide,  graduated  as  afore- 
said, will  be  sufficient  to  show  all  stages  of  the  river  at 
normal  times.  The  instrument  is  set  so  that  if  the  river 
drops  a  few  feet  below  normal  the  pencil  will  not  reach  the 
lower  margin  of  the  sheet,  in  this  case  the  lowest  elevation 
being  990  feet.    For  a  rising  river  the  pencil  will  advance 


Ground       I 


r/g.JThe  Wiring. 


laterally  on  the  sheet  to  the  upper  margin,  this  elevation 
being  loio.  (The  elevation  of  the  Union  Pacific  Railroad 
bridge  pier  is  1008  feet.)  If  the  river  should  go  beyond 
the  limits  provided  for  on  the  paper,  the  pencil  will  at  either 
margin  reverse  itself  and  continue  to  record  a  rise  or  fall, 
but  move  in  the  opposite  direction.  This  reversal  is  made 
possible  by  the  continuous  band  that  runs  over  the  spine 
wheels,  which  controls  the  movement  of  the  carriage  that 
supports  the  pencil.  Suitable  triggers  will  change  the  direc- 
tion of  the  carriage  at  the  limiting  points.  Fig.  2  is  a  dia- 
gram of  the  recorder  wiring. 
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THE  WIRING 

Two  wires  may  be  used.  One  wire,  however,  can  be 
used  to  advantage,  the  circuit  being  completed  through 
the  ground.  The  use  of  one  wire  greatly  reduces  the  line 
resistance  and  results  in  the  economy  of  wire  and  batteries. 
The  line  wires  should  be  as  free  as  possible  from  local 
telephone  wires,  thereby  minimizing  chances  for  continuous 
current  through  the  line.    Fig.  3  shows  wiring  complete. 

THE   BATTERIES 

Standard  dry  cells  for  open  circuits  (not  ignitor  cells) 
are  the  best.  Columbia  cells  No.  6  give  good  results.  The 
number  of  batteries  required  at  the  sender  depend  on  the 
line  resistance,  from  four  to  ten  cells  ordinarily  being  suf- 
ficient. Twelve  volts  (8  or  9  dry  cells)  are  required  to 
operate  the  solenoids  of  the  recording  mechanism. 

Various  features  of  this  instrument  are  summarized 
as  follows: 

(i)  Fluctuations  of  any  liquid  can  be  recorded  as  far 
as  wires  can  be  strung  and  messages  transmitted ; 

(2)  Only  one  wire  is  required  for  each  unit; 

(3)  An  existing  telephone  line  can  be  utilized,  and, 

(4)  Any  number  of  recorders  or  indicators  can  be 
operated  from  the  same  source. 

Apparently  this  instrument  is  past  the  experimental 
stage.  There  is  little  chance  for  lost  motion  between  the 
float  and  pencil.  Good  results  are  being  obtained  and  verv 
little  attention  is  required. 
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DEAN  C.  H.  BENJAMIN,  Chairman. 
Prof.  W.  K.  Hatt,  School  of  Civil  Engineering. 

Prof.  G.  A.  Young,  School  of  Mechanical  Engineering. 
Prof.  C.  F.  Harding,  School  of  Electrical  Engineering. 

Prof.  H.  C.  Peffer,  School  of  Chemical  Engineering. 

ENGINEERING  EXPERIMENT  STATION 

The  engineering  Experiment  Station  at  the  university 
is  an  established  fact  and  several  lines  of  research  are  under 
way. 

This  includes,  in  the  Electrical  School,  studies  of  elec- 
tric cooking  apparatus  and  an  investigation  of  the  fixation 
of  atmospheric  nitrogen. 

In  Mechanical  Engineering,  an  experimental  study  of 
the  measurement  of  variables  entering  into  the  carburetion 
of  fuels  in  internal  combustion  motors.  This  involves  a 
very  careful  control  and  measurement  of  the  various  ele- 
ments of  the  problem.  Preparations  are  being  made  for 
exhaustive  tests  of  farm  tractors  under  the  joint  direction 
of  the  Engineering  and  Agricultural  Experiment  Stations. 

In  the  School  of  Civil  Engineering,  a  study  of  the  prep- 
aration and  application  of  various  road  materials  has  been 
conducted. 

Mr.  H.  W.  Asire,  Class  of  1914,  has  been  employed 
as  General  Research  Assistant,  with  Mr.  C.  S.  Kegerreis 
as  Student  Assistant. 

A  circular  ort  Lightning  Protection  is  now  in  press  and 
material  for  at  least  two  other  bulletins  is  nearly  ready  for 
publication. 
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SCHOOL  OF  CHEMICAL  ENGINEERING 

This  school  now  ranks  third  in  size  among  the  engineer- 
ing schools. 

A  large  number  of  the  alumni  are  with  the  colors  in 
various  branches  of  the  service ;  others  are  considered  indis- 
pensable in  industries  contributing  directly  to  the  conduct 
of  the  war.  The  government,  in  creating  a  special  Chemical 
Service  Section,  has  taken  official  cognizance  of  the  fact 
that  the  Chemical  Engineer  or  the  Chemist  is  of  far  greater 
value  in  his  professional  capacity  than  as  a  soldier,  thus 
removing  the  undeserved  stigma  which  might  otherwise  at- 
tach to  such  cases. 

The  present  graduating  class,  from  among  the  many 
positions  offered,  are  practically  all  electing  to  enter  those 
lines  contributing  directly  to  the  conduct  of  the  war. 

Through  the  general  revision  of  the  schedule  incident 
to  the  establishment  of  the  Reserve  Officers'  Training  Corps 
at  this  institution,  it  has  been  found  possible  to  introduce 
a  course  in  Physical  Chemistry  extending  throughout  the 
year ;  in  doing  so  the  requirement  of  a  thesis  is  abandoned. 

A  register  of  Purdue  graduates  engaged  in  chemical 
lines  has  been  in  preparation  for  some  time  and  will  soon 
go  to  press.  It  is  hoped  that  this  will  serve  to  keep  alumni 
in  closer  touch  with  each  other  and  with  the  institution. 


SCHOOL  OF  MECHANICAL  ENGINEERING 

RESEARCH 

Despite  the  fact  that  the  personnel  of  this  school  has 
been  greatly  reduced  in  number  due  to  the  pressing  needs 
of  the  war,  those  left  to  carry  on  the  work  have  responded 
loyally.  The  result  of  the  past  year's  work  has  been  the 
carrying  on  of  the  twenty-eight  lines  of  research  and  inves- 
tigation. To  do  this  $1800  worth  of  apparatus  has  been 
added  to  the  school  by  way  of  equipment,  and  $4250  worth 
of  loaned  apparatus  has  been  available. 

Eleven  companies  have  asked  for  and  received  aid  in 
their  research  problems  from  the  members  of  the  teach- 
ing staff.  Seven  outside  concerns  have  sent  their  apparatus 
to  the  Mechanical  laboratories  for  testing.  Fifteen  articles 
have  appeared  during  the  past  year  in  engineering  maga- 
zines or  publications  of  the  various  technical  societies  writ- 
ten by  various  members  of  the  teaching  staff. 
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SCHOOL   FOR   AUTO   MECHANICS 

The  greatest  work,  however,  has  been  the  enrollment 
into  government  service  of  the  teaching  staff  of  the  entire 
school,  together  with  most  of  the  laboratories.  The  under- 
taking of  this  work  was  brought  about  by  the  establishment 
of  a  Government  School  for  Auto-Mechanics.  Beginning 
April  29th  and  continuing  for  six  months  this  school  will 
turn  out  1500  trained  men  for  the  army  service.  The  lines 
to  be  taught  will  include  auto  driving,  motor  and  chassis 
repairs,  road  repairs,  and  experimental  laboratory  demon- 
stration. 

The  Government  has  established  this  school  here  be- 
cause Purdue  is  especially  well  equipped  for  this  class  of 
service.  Some  changes  were  necessary  and  these  have  been 
quickly  made.  The  west  wing  of  the  Steam  Laboratory  has 
been  completely  dismantled  of  all  equipment  to  make  room 
for  eighteen  chasses  to  be  used  for  general  repair  work. 
Likewise  the  equipment  has  been  removed  from  the  Hy- 
draulic Laboratory,  which  will  be  used  as  a  motor  repair 
shop. 

All  necessary  supplies  and  equipment  have  been  ob* 
tained,  including  18  motors  and  18  chassis  for  repair  work, 
also  20  pleasure  cars  for  road  demonstration  and  roadside 
repairs  and  25  Government  trucks  of  five  different  makes. 
The  instruction  will  be  done  by  forty-eight  instructors  and 
assistants.  Part  of  these  men  come  from  automobile  fac- 
tories and  garages,  but  a  majority  come  from  the  Senior 
class  in  mechanical  engineering.  This  has  all  meant  a  great 
deal  of  added  duties  to  those  directing  it,  but  the  anticipated 
excellent  results  have  continually  been  an  incentive,  so  that 
all  have  worked  cheerfully  and  harmoniously  toward  the 
fulfillment  of  a  most  splendid  way  of  serving  our  country. 

LEFT    FOR    SERVICE 

Mr.  C.  B.  Veal,  Professor  of  Machine  Design,  is  now 
a  Major,  and  is  stationed  at  the  Curtis  Aeroplane  plant  in 
Buffalo  as  Chief  of  Inspectors. 

Mr.  L.  W.  Wallace,  Professor  of  Railway  and  Indus- 
trial Management,  is  assistant  general  manager  of  the  Dia- 
mond Chain  and  Manufacturing  Company,  of  Indianapolis. 

Mr.  T.  T.  Eyre,  Assistant  Professor  of  Mechanical 
Engineering,  is  a  Captain  in  the  Engineers'  Corps. 

Mr.  H.  B.  Ensign,  Instructor  in  Machine  Design,  is  a 
Second  Lieutenant  in  the  Ordnance  Department. 

Mr.  J.  A.  Sauers,  Instructor  in  Machine  Design,  is  in 
Government  Service. 


Digitized  by 


Google 


86  Purdue  Engineering  Revieiv 

Mr.  F.  A.  Hill,  Instructor  in  Mechanical  Laboratory, 
is  designing  pumps  for  the  Government. 

INCREASE    IN    TITLE 

Mr.  G.  C.  King  has  been  made  Assistant  Professor  of 
Engineering  Design. 

Mr.  R.  W.  Noland  has  been  made  Instructor  in  Heat- 
ing and  Ventilating. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

NEW  EQUIPMENT 

A  contract  was  placed  during  the  year  with  the  West- 
inghouse  Electric  and  Manufacturing  Company  for  the 
new  high  voltage  laboratory  equipment  mentioned  in  the 
last  number  of  the  Review.  This  consists  of  two  300,000 
volt,  135  k.v.a.  transformers  each  with  one  terminal  ground- 
ed. These  can  be  used  in  series  for  furnishing  600,000  volts 
with  grounded  neutral.  The  transformers  will  be  operated 
from  a  2200  volt  primary  supply.  An  ingeniously  arranged 
step-by-step  control  system  has  been  devised  for  obtaining 
a  gradual  increase  in  voltage  by  steps  of  less  than  ijc. 

Although  delivery  on  this  apparatus  is  rather  uncertain 
because  of  war  conditions,  the  Electrical  Building  will  be 
enlarged  during  the  coming  summer  for  the  reception  of 
this  apparatus,  and  it  is  hoped  that  the  latter  may  be  in- 
stalled in  the  early  fall.  Purdue  University  will  then  be 
equipped  with  the  most  complete  high  voltage  testing  labor- 
atory in  the  Middle  West. 

RESEARCH 

Although  greatly  handicapped  by  limited  high  voltage 
supply,  investigations  of  electrical  methods  for  the  fixation 
of  atmospheric  nitrogen  have  been  continued  the  past  year. 
The  preliminary  experiments  have  proven  of  sufficient  merit 
to  warrant  the  construction  of  a  larger  and  more  complete 
plant  with  which  to  investigate  this  new  process.  It  is 
expected  that  this  equipment  will  be  complete  and  tested 
within  another  month.  These  investigations  in  the  School 
of  Electrical  I^ngineering  are  being  carried  on  under  the 
auspices  of  the  Purdue  Engineering  Experiment  Station. 

Exhaustive  tests  have  been  carried  out  during  the 
past  year  as  a  part  of  the  Engineering  Experiment  Station 
work,  upon  a  large  number  of  modern  designs  of  electric 
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ranges.  These  have  been  very  kindly  furnished  by  the 
manufacturers.  Not  only  scientific  research  investigations 
have  been  made,  but  also  practical  cooking  tests  have  been 
carried  on  with  the  co-operation  of  the  Department  of 
Home  Economics.  It  is  expected  that  a  bulletin  will  be 
published  in  the  near  future  covering  these  tests. 

One  of  the  difficult  problems  in  connection  with  the 
supply  of  electrical  energy  from  large  central  stations  to 
industrial  plants,  which  have  suddenly  increased  their  de- 
mands greatly  because  of  war  contracts,  has  been  the  main- 
tenance of  service  over  high  voltage  distribution  systems. 
The  secret  of  success  for  such  a  system  is  the  reverse  energy 
relay.  Some  important  research  work  in  connection  with 
relays  of  this  type  is  being  carried  on  at  present  in  the  elec- 
trical laboratories  with  the  hope  of  improving  this  particular 
type  of  service. 

SPECIAL  SIGNAL  COURSES 

Upon  request  of  the  Signal  Corps,  U.  S.  Army,  Seniors 
in  electrical  engineering  have  been  offered  rather  an  exten- 
sive course  in  Radio  Signal  Engineering  in  place  of  an 
equivalent  amount  of  required  work  during  the  second 
semester.  Practically  all  the  Seniors  are  taking  this  spe- 
cialized work  with  a  view  toward  entering  this  service  after 
graduation.  Notes  upon  recent  developments  in  signaling 
at  the  front  are  supplied  by  the  Signal  Corps  for  confiden- 
tial use  in  the  instruction  of  these  courses. 

In  addition  to  this  regular  work,  three  diflferent  classes 
in  sending  and  receiving  the  continental  code  used  in  Radio 
Signal  Engineering,,  at  the  front,  have  been  in  operation 
since  last  December.  Large  numbers  of  the  students  are 
taking  this  training  on  outisde  time,  as  the  Government 
requires  a  proficiency  of  twenty  words  per  minute  in  this 
code. 

PERSONNEL 

Professor  L.  D.  Rowell  left  la^t  s])ring  for  the  First 
Officers*  Training  Corps  and  after  three  months'  training 
was  commissioned  as  Captain  and  stationed  at  Washington 
as  Recorder  of  the  luiginccring  Troo])s.  He  is  engaged 
in  a  large  amount  of  development  work  along  engineering 
lines  in  connection  with  the  purchase  of  equipment  for  the 
expeditionary  troo])s  in  France. 

Messrs.  ].  B.  Sbeadel  and  FT.  E.  Phelps  have  re-entered 
active  engineering  work  during  the  year,  the  former  with 
thfe  Indiana  Union  Traction  Company  and  tlie  latter  witli 
the  American  Tele])hone  and  Telegraph  Companv  of  New 
York. 
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Mr.  Emerson  Pugh,  a  graduate  of  the  School  of  Elec- 
trical Engineering,  has  been  secured  from  the  General  Elec- 
trical Company  at  Schenectady  as  an  assistant. 


SCHOOL  OF  CIVIL  ENGINEERING 

RESEARCH 

In  the  Hydraulic  Laboratory  the  experiments  have 
been  completed  on  the  resistance  offered  by  various  forms 
of  valves  and  spiral  riveted  pipe,  and  the  efficiency  of  spray- 
ing nozzles.  The  data  have  been  prepared  for  publication 
and  will  appear  as  a  bulletin  of  the  Engineering  Experi- 
ment Station. 

A  new  line  of  research  is  the  calibration  of  a  one-inch 
circular  orifice  under  heads  ranging  from  loo  to  250  feet. 

The  Laboratory  for  Testing  Materials  has  completed 
the  following  researches: 

A  series  of  impact  tension  tests  of  steel  have  been 
made  for  the  U.  S.  Navy  Department. 

A  study  of  the  effect  of  hydrated  lime  upon  the  strength 
and  density  of  concrete  has  been  made. 

There  have  been  constructed  and  tested,  three  full  sized 
reinforced  concrete  floors  supported  on  columns,  represent- 
ing four  sixteen-foot  panels  of  the  so-called  flat  slab  type. 
These  constructions  have  been  loaded  with  brick  up  to  six 
hundred  pounds  per  square  foot  and  the  deformations  in 
the  various  parts  of  the  floor  measured  with  extensometers. 
These  are  the  most  extensive  flat  slab  tests  that  have  yet 
been  made,  and  the  results  have  important  applications  in 
the  design  of  warehouses  and  like  structures. 

The  investigations  of  the  kinds  and  sizes  of  sands, 
gravels,  and  broken  stone  for  the  purpose  of  road  building 
have  been  continued.  A  machine  for  testing  concrete  under 
the  forces  arising  from  abrasion  has  been  constructed,  and 
the  use  of  this  new  form  of  test  will  be  investigated  during 
the  coming  year  in  conjunction  with  the  co-operative  survey 
of  road  materials,  that  the  laboratory  is  to  make  in  con- 
junction with  the  State  Highway  Commission. 

The  Laboratory  has  been  of  continued  service  to  the 
state,  particularly  in  testing  the  paving  brick  supplied  for 
the  construction  of  brick  roads  throughout  the  state,  both 
for  the  county  officials  and  the  State  Highway  Engineer. 
The  Laboratory  is  also  the  official  Laboratory  for  the  tests 
of  steel  from  several  plants  engaged  in  the  manufacture  of 
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munitions  and  other  war  materials.  An  important  series 
of  tests  has  been  made  upon  the  species  of  tropical  pine  sent 
from  the  state  of  Nicaragua. 

The  hopes  for  securing  a  million  pound  testing  machine 
for  the  Laboratory  have  not  been  realized  on  account  of 
the  state  of  industry  brought  about  by  war  conditions. 

A  series  of  measurements  were  made  upon  the  trusses 
of  the  new  Armory  to  determine  the  stresses  brought  about 
by  the  weight  of  the  trusses  and  the  roofing.  These  meas- 
urements showed  that  the  calculations  of  the  design  agreed 
with  the  stresses. 

HIGHWAY   DEPARTMENT 

Professor  George  E.  Martin  received  a  commission  as 
Captain  in  the  Engineers'  Corps  of  the  U.  S.  Army  and 
Dean  R.  C.  Yeoman,  graduate  of  the  School  of  Civil  Engi- 
neering of  the  year  1907,  was  appointed  to  succeed  Pro- 
fessor Martin. 

The  Fourth  Annual  Road  School  was  held  in  January, 
1918,  and  was  v/ell  attended  by  the  road  officials  of  the  state. 
In  February  and  March  a  series  of  so-called  road  schools 
and  conferences  were  held  by  the  Highway  Department 
with  the  assistance  of  the  State  Highway  Commission. 

Professor  Yeoman  was  elected  Assistant  Secreatry  of 
the  County  Highway  Superintendents*  Association. 

SURVEYING    CAMP 

Surveying  camp  was  omitted  the  summer  of  191 7,  but 
will  be  resumed  in  1918  with  the  attendance  of  both  Juniors 
and  Sophomores. 

GENERAL 

From  the  Faculty  of  the  School  of  Civil  Engineering 

Professor  Albert  Smith  is  Major  in  the  3C)9th  Engi- 
the  following  have  entered  military  service : 
neers. 

Professor  W.  A.  Knapp  becomes  Captain  in  the  7th 
Regiment  of  the  U.  S.  Engineers. 

Professor  G.  E.  Martin  is  Captain  in  the  23rd  Engi- 
neers. 

Mr.  W.  S.  Stanley  is  ist  Lieutenant,  E.  O.  R.  C. 

Mr.  M.  J.  Stinchfield,  Jr.,  is  Corporal  in  U.  S.  Marine 
Corps. 
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Clutch  Facings 

Cold  Storage  Insulations 
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Locomotive  Lagging 
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Service 


Those  individual  problems  of  i^ours — of  gaining  power, 
of  cutting  down  waste,  problems  that  challenge  all  your 
experience  and  knowledge, — 

Whg  not  let  Johns-Memville  help  you  solve  them  ? 

Through  our  organization  of  specialized  experts,  and 
through  our  army  of  selling  engineers,  we  are  consteuntly 
helping  stationary  engineers  and  power  plant  managers 
with  suggestions  leading  to  greater  efEciencg  and  economy 

Perhaps  there  is  a  question  in  ^oixt  mind  for  which  you 
haven't  quite  &und  the  answer? 

Perhaps  Johns-Manville  Service  has  answered  that  very 
question  &r  an  engineer  a  thousand  miles  away  if  cm 
you.      If  so,  the  answer  is  fcr  you,  too. 

Then  why  not  put  it  up  to  Johns-Manville  Service  ? 


H.  W.  JOHNS-MANVILLE  CO. 
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For  Lubricating  Cranes, 
Ore  Bridges,  Charging  De- 
vices and  Line  Shafting. 

A  system  of  lubrication  which  makes  the  moat  efficient  machinery 
more  efficient—a,  system  which  America's  greatest  steel  makers 
have  endorsed  for  use  on  the  most  important  steel  plant  units. 

The  KEYSTONE   VENANGO 
GRAVITY  GREASE  SYSTEM 

is  famous  for  its  efficiency,  economy  and  ease  of  operation,  at 
all  times  under  the  severest  working  conditions.  Many  of  the 
largest  cranes  in  the  world,  now  Keystone-equipped,  are  render- 
ing better  service  than  ever  before.  Why  not  arrange  for  a 
trial  installation  at  our  risk  and  expense  ? 

THE  KEYSTONE  LUBRICATING  COMPANY 
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ACOLLEGL\TE  institution  founded  upon  an 
act  of  Congress  of  July  2,  1862,  named  in 
honor  of  its  benefactor,  John  Purdue,  a  citi- 
zen of  LaFayette;  aided  by  numerous  private  and 
public  gifts;  maintained  by  appropriations  from  the 
State  of  Indiana  and  the  United  States;  offers  in- 
struction in  undergraduate  and  graduate  courses  in 
Science,  Agriculture,  Engineering  and  Pharmacy. 

The  institution  possesses  superior  resources  for 
conducting  its  courses  of  instruction,  viz: 

An  Instructional  Corps  of  over  Two  Hundred 
persons. 

An  Estate  of  over  One  Thousand  Acres. 

Twenty-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics, 
Botany,  Zoology,  Bacteriology,  Electricity,  Stea^i  En- 
gineering, Locomotive  Engineering,  Civil  Engineering, 
Hydraulics,  Materials  Testing,  Practical  Mechanics, 
Pharmacy,  Soil  Physics,  Dairying,  Horticulture,  Vet- 
erinary Science,  Animal  Industry  and  Experimental 
Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  mater- 
ials in  all  departments  of  unusual  extent  and  unique 
character. 
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AERONAUTICS 

By  Lt.  Geo.  W.  Raskins,  '17 

Of  silver  wings  he  took  a  shining  pair, 

Fringed  with  gold,  unwearied,  nimble  swift; 

With  these  he  parts  the  winds,  the  clouds,  the  air, — 

And  over  seas  and  earth  himself  doth  lift 

Thus  clad  he  cuts  the  spheres  and  circles  fair. 

And  the  pure  skies  with  sacred  feathers  clift; 

On  Lebanon  first  his  feet  he  set 

And  shook  his  wings  with  rosy  may-dews  wet 

— Tasso.  Canto  I,  XIV. 

How  beautiful!  Ever  since  the  cave-man  days  when 
man  was  obliged  to  chase  his  food  or  be  chased  by  it,  he  has 
admired  the  aerial  evolutions  of  wing-gifted  creatures  and 
aspired  to  imitate  them.  An  old  question — once  dear  to 
philosopher  and  fool  like,  and  for  a  long  time  it  has  been  the 
affair  of  untechnical  inventors.  Man  has  racked  his  brain 
and  bruised  his  body  in  futile  attempts  to  "mix  with  the 
clouds"  or  "as  smoke  arise." 

From  the  early  day  when  man  was  seen  climbing  to  the 
top  of  precipices,  trees  and  what  not  and  projecting  himself 
from  these  heights  into  space,  with  nothing  but  a  modified 
kite,  parachute  or  contrivance  with  which  to  defy  gravity 
and  resulting  in  regrets  and  bad  bruises.  And  a  detailed 
chronology  from  the  earliest  accounts  of  Daedalus  and  his 
Son's  escape  from  prison  by  means  of  wings,  or  of  a  learned 
Jesuit  who  represented  the  anger  of  God  by  putting  into 
a  strong  wind,  a  flying  dragon  loaded  with  a  mixture  of 
sulphur,  pitch  and  wax,  which  was  ignited  and  eventually 
vanished,  would  be  most  interesting  but  is  not  to  be  re- 
peated in  this  paper. 

It  is  the  aim  of*  this  paper  to  give  a  brief  resume  lead- 
ing up  to  present  aircraft,  as  well  as  some  of  its  past  and 
present  problems  and  possibilities. 

A  bird  was  not  found  large  enough  which  could  be 
tamed  and  bridled  and  used  for  a  man  to  ride,  but  the  en- 
terprising and  gifted  engineers  did  construct  certain  surfaces 
resembling  in  varying  degrees,  the  wings  of  birds  or  certain 
flying  quadrupeds,  with  which  it  was  possible  to  glide  with 
a  degree  of  success  from  a  higher  to  a  lower  level.     This 
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marks  the  beginning  of  the  use  and  experimentation  of 
gliders,  the  growth  of  which  developed  into  our  present 
"airplane."  For  a  long  time,  the  gliding  of  vultures,  of  gulls 
and  of  certain  fishes,  could  be  imitated  with  profit,  but 
when  they  esayed  power  flight,  they  invariably  and 
egregiously  failed.  It  may  be  physically  possible  for  a 
very  powerful  athlete,  putting  forth  herculean  energy  for  a 
few  seconds,  to  sustain  himself  on  wings  of  enormous 
spread ;  but  in  every  lightest  zephyr  he  would  be  as  helpless 
as  a  thistle  seed. 

Our  own  famous  Wright  Brothers,  as  well  as  Langley, 
Chanute,  Berliot  and  others,  began  their  early  experimenta- 
tion upon  gUders,  gradually  modifying  the  construction  to 
include  power  units  of  varied  character. 

On  account  of  experiments  upon  monoplane  (one  wing) 
and  multiplane  construction,  as  well  as  types  such  as  Lang- 
ley's  in  which  wing  surfaces  were  in  the  same  plane,  but 
some  were  ahead  of  others,  is  not  for  this  volume. 

It  is  interesting  to  know,  however,  that  the  first  au- 
thentic successful  power  flight  is  credited  to  the  Wright 
Brothers,  in  the  year  1902,  when  one  of  them  flew  a  hund- 
red feet  at  a  height  of  about  5  feet,  and  with  the  other  broth- 
er running  alongside.  In  the  brief  period  since  that  date, 
and  especially  during  the  war,  aviation  has  had  a  most  phe- 
nominal  growth  until  now  crtain  craft  will  develop  a  speed 
of  2j^  miles  per  minute,  climb  to  the  dizzy  height  of  about 
7  miles,  carry  several  tons  of  extra  weight  and  open  fields 
of  remarkable  endeavor. 

As  the  derivation  of  the  word  indicates,  "aviation"  is 
employed  to  refer  sofely  to  the  flying  machine,  or  the  heav- 
ier-than-air  type,  while  under  the  general  terms  "aero- 
nautics", similar  apparatus  which  depends  upon  lighter-than- 
air  gas  to  give  the  necessary  lightening  power. 

The  following  are  the  two  general  classifications  of  air- 
craft : 

A — Lighter  than  Air. 
B — Heavier  than  Air. 

The  lighter-than-air  craft  have  a  function  to  perform 
which  is  out  of  the  scope  of  work  of  the  airplane,  and  should 
be  considered  under  the  general  topic  Aeronautics.  Many 
early  inventions  are  credited  to  China,  and  it  is  reported 
that  a  balloon  was  made  to  rise  by  them  in  the  fourteenth 
century,  in  celebration  of  the  ascension  to  the  throne  of  a 
certain  king. 

All  attempts  at  human  flight  have  gone  to  show  four 
possible  ways  for  man  to  navigate  the  air:  (i)  He  may 
imitate  the  flight  of  birds  with  flapping  wings;   (2)     He 
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may  use  the  vertical  screws  or  helices  to  pull  him  up ;  (3)  He 
may  sail  like  the  agle  in  an  airplane,  and  lastly  (4)  he  may 
raise  himself  by  means  of  gas  bags  and  drift  with  the  wind 
or  move  forward  by  means  of  propellers. 

The  balloon  like  airship  has  been  more  highly  developed 
than  any  other  type  of  aerial  craft,  probably  because  it  of- 
fers the  most  obvious  means  of  overcoming  the  force  of 
gravitation  and  depends  upon  Archimedes'  principle: — Ev- 
ery body  which  is  immersed  in  a  fluid  is  acted  upon  by  an 
upward  force,  exactly  equal  to  the  fluid  displaced  by  the  im- 
mersed body.  Thus,  if  the  total  weight  of  a  balloon  is  less 
than  the  weight  of  all  the  air  it  displaces,  it  will  rise  in  the 
air.  It  is  desirable,  therefore,  to  obtain  for  use,  a  gas  with 
as  low  a  specific  gravity  as  possible.  Since  hydrogen  has  a 
weight  of  about  .005  pounds  per  cu.  ft.,  and  the  weight  of 
air  is  .08  per  cu.  ft.,  thus  one  cu.  ft.  of  hydrogen  will  be 
acted  upon  by  .075  pound,  or  the  difference,  tending  to 
push  it  up. 

How  fortuitous  the  primal  steps  of  science!  Joseph 
Montgolfied,  the  inventor  of  the  lamp  chimney  and  hy- 
draulic press,  during  the  siege  of  Gibralter,  is  supposed  to 
have  conceived  by  the  puff  of  a  petticoat,  the  idea  of  aeros- 
tation by  means  of  smoke!  He  gave  a  public  inauguration 
of  aeronautics  at  Annonce,  on  June  5,  1783.  The  mass  of 
his  frame  weighed  300  pounds  and  rose  to  a  height  of  6000 
ft.  and  sank  gently  to  the  ground.  The  passengers  were  a 
sheep,  a  rooster  and  a  duck  and  were  none  the  worse  for 
their  strange  experience  except  that  the  sheep  had  trampled 
the  rooster  and  lamed  him. 

Later  developments  saw  many  changes  in  design  and 
capacity  and  some  are  reported  to  have  soared  to  29,000 
ft.  for  observations.  Now  it  is  reported  that  transportation 
is  possible  daily  between  Berlin  anji  Switzerland  in  dirigible 
Pullman  accommodations  for  many  people  and  in  which 
meals  are  served!  Could  anything  be  more  delightful 
than  to  be  breakfasting  as  you. floated  over  beautiful  scenes 
of  ruined  castles,  of  little  country  hamlets  tucked  away  in 
the  ravines,  of  church  spires  revealing  the  touch  of  a  mas- 
ter chisel,  of  immersed  fields  once  again  laden  with  grain 
and  woods  so  dense  that  light  never  reaches  the  interior? 
What  will  the  new  one  million  cubic  foot  dirigible  have  to 
offer? 

For  those  who  are  interested,  mention  will  be  made  of 
some  of  the  problems  of  mechanical  flight  which  comes 
more  directly  within  the  purview  of  the  aeronautical  con- 
structor. It  should  first  be  understood  that  the  airplane  is 
primarily  a  developed  glider  so  designed  to  make  it  capable 
of  Hfting  itself  on  lifting  surfaces  called  wings  or  aerfoils. 
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A  vertical  component  of  wind  pressure  against  these  wings 
executes  the  lift  and  raises  the  plane  together  with  its  load. 

We  are  so  accustomed  today  to  consider  aerial  flight 
as  an  essentially  rapid  mode  of  locomotion,  that  it  is  nec- 
essary to  emphasize  the  fact  that  speed  is  obtained,  not  as 
might  readily  be  supposed  by  virtue  of  any  show  of  economy 
— as  is  true  of  a  railroad  train — but  in  spite  of  a  co-efficient 
of  resistance  and  at  an  expenditure  of  power  of  an  extrava- 
gant character.  In  speaking  of  the  limiting  dimensions  or 
capacities  to  which  an  airplane  can  hope  to  attain,  Handley- 
Page  mentions  that  one  machine  having  only  twice  the  linear 
dimensions  of  another  machine  will  require  approximately 
eight  times  the  power. 

The  ''head  resistance"  is  the  sum  total  of  all  resistances 
encountered  in  flight.  Resistance  from  struts,  wires,  edy- 
making  and  skin-friction  resistances,  due  to  the  body,  land- 
ing chassis  and  spars,  whether  belonging  to  the  body  or  the 
aerfoil,  vary  with  the  squares  of  the  velocity  (approx.) 
The  direct  outgrowth  of  all  has  been  the  study  of  Streamline 
Flow.  The  study  of  fluid  and  rigid  dynamics  as  well  as 
stability  and  control  are  of  vital  import  to  aeronautical  en- 
gineers, but  these  are  primarily  matters  for  the  Physicist 
and  Mathematician.  The  Engineer  can  well  afford  to  leave 
questions  of  this  kind  in  the  hands  of  a  Specialist. 

Propulsion, — From  experience  and  theory,  it  seems 
there  is  only  one  method  of  propulsion  available,  namely — 
screw-propeller.  The  laws  of  dynamic  similarity  between 
aeronautical  and  submarine  propellers  are,  with  reservations, 
strictly  applicable,  and  conditions  of  usage  in  water  and 
air  may  be  compared  by  noting  the  relative  densities  of  the 
two  media  approximately  800  to  i. 

Motive  Pozver  Installation. — As  a  prime  mover,  the  in- 
ternal combustion  engine,  holds  the  field.  The  petrol  motor 
has  eliminated  all  competitors  either  on  the  score  of  weight 
per  horsepower  or  weight  of  fuel.  For  gas  engine  engineers 
this  phase  of  aeronautics  has  shown  a  most  spectacular 
growth,  and  the  problems  immediately  before  him  offer  an 
equally  attractive  field.  Not  enough  is  known  of  engine 
performance  under  rare  air  or  at  high  altitudes,  how  to  pre- 
serve maximum  power,  eliminate  preignition,  and  the  rela- 
tive merits  of  various  types  at  these  high  altitudes. 

,  Control. — The  controlling  mechanism  is  unique  and  im-' 
portant  but  it  will  only  be  observed  here  that  an  airplane  has 
control  about  three  axes  perpendicular  to  each  other,  name- 
ly: longitudinal  fore  and  aft  (transverse)  and  vertical. 
Control  is  closely  related  to  stability,  thus  three  kinds  of 
stability  are  of  very  great  import  to  the  aeronautical  en- 
gineer.    Without  any  one  of  longitudinal,  lateral  or  direc- 
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tional  stability,  flying  can  be  very  hazardous  and  in  addition 
to  these,  may  be  mentioned  spiral  or  rotative  stability.  As 
mentioned  above,  this  should  be  left  to  the  specialist,  but 
the  question  is  not  obscure  and  more  knowledge  on  the  sub- 
ject is  available  than  can  be  utilized. 

Landing  Chassis. — A  word  about  the:  alighting  mech- 
anism should  have  a  place  here.  The  number  of  types  are 
twt) — according  to  whether  the  machine  is  designed  for  land 
or  marine  usage.  The  function  is  to  raise  the  machine  a 
proper  height  above  the  ground  or  water  so  as  to  give  clear- 
ance for  the  aerfoils,  propeller,  etc.  Rubber  has  been 
universally  used  to  absorb  the  shock  in  landing,  but  there 
may  be  possibilities  in  other  methods.  The  landing  mechan- 
ism should  be  complete  in  itself  for  safety  and  attempts  are 
being  made  to  construct  a  mechanism  which  will  be  possible 
of  folding  or  condensing,  to  cut  down  the  power  loss  in 
transit  for  which  it  is  responsible. 

Another  phase  of  the  growing  Air  Service  has 
evolved  its  own  and  peculiar  ills.  Coasting  down  a 
snow  capped  hillside  by  savages  upon  a  slab  of  bark,  or 
more  recently,  upon  toboggans,  had  its  hazards,  which  in 
turn  required  a  particular  treatment  or  attention.  Railroad- 
ing in  modem  operations  does  not,  among  other  things,  tol- 
erate color-blindness  in  its  operators.  Electrical  engineering 
was  ushered  in  with  no  small  amount  of  shocks  and  burns. 
With  water  navigation  came  seasickness,  and  now,  air  navi- 
gation calls  upon  the  Medical  Profession  for  cures  and 
treatments  for  heart  dilation,  oxygen  wants,  special  nerve 
strain  and  air  sickness. 

It  was  because  of  these  exceptional  or  unusual  demands 
upon  the  human  body  that  a  special  examination  was  pre- 
pared with  a  view  to  picking  men  best  able  to  stand  up  un- 
der the  great  variety  and  intensity  of  stress  and  strain,  as 
great  as  that  in  the  airplane.  It  is  not  that  a  flier  must  be 
a  "superman,"  nor  can  one  man  properly  fill  all  the  diversi- 
fied classes  of  work  such  as  pursuit,  reconnaisance,  photo- 
graphy, bomb-dropping  and  night  flying,  regardless  of 
whether  he  is  physically  fit  and  properly  trained.  Aviation 
is  not  merely  spectacular,  man  was  not  originally  intended 
to  be  a  flier,  to  spend  much  of  his  time  at  high  altitudes 
where  he  cannot  get  the  proper  amount  of  oxygen  and  the 
problems  of  the  present  war  in  the  air  lacked  the  accumulat- 
ed experience  of  previous  wars  to  indicate  their  solution. 
The  air  fighting  force  had  and  has  its  potentialities  of  dis- 
aster, contested  them,  according  to  the  best  experience  avail- 
able, and  is  still  doing  a  great  work  in  correcting  the  ills 
as  they  have  been  revealed. 
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In  closing,  it  is  desired  to  emphasize  the  vigor  and  ex- 
tent to  which  commercial  aviation  has  already  been  pushed, 
but  even  yet,  the  public,  to  a  great  extent,  treat  the  whole 
affair  as  a  dream  of  the  future.  Commercial  Aviation  is  its 
own  reward  and  is  a  direct  asset  in  time  of  war  emergency, 
as  the  planes  can  be  quickly  converted.  It  needs  guidance 
and  encouragement. 

Already  a  route  is  nearly  completed  from  ^^^iro  to  the 
Cape.  There  is  talk  of  an  expedition  to  the  South  Pole ; 
there  are  transcontinental  routes  over  many  parts  of  Europe 
and  good  Air  Service  between  Paris  and  London  has  been 
a  fact  for  some  time.  South  American  countries  have  al- 
ready looked  upon  Aviation  as  a  solution  in  opening  obscure 
mining  and  other  rich  lands. 

Where  a  certain  party  of  prospectors  spent  two  months 
trying  to  arrive  at  a  new,  rich  mining  district  and  were  even- 
tually destroyed,  an  airplane  would  have  made  the  trip  in  a 
little  over  two  hours. 

America  is  by  no  means  dead,  but  has  organized  sev- 
eral companies. 

It  is  hoped  that  the  foregoing  has  given  the  young  en- 
gineers something  to  think  about.  The  field  is  large,  for- 
tunes will  be  made  and  only  the  surface  has  been  touched 
in  this  new  and  promising  industry. 
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THE  ENGINEER  AND  THE  COMMUNITY 

E.  H.  Sniffin 

Manager  of  th«  Power  Dept.,  Westinffhouse  Blec.  &  Mfg.  Co. 

It  is  useful  sometimes  to  stand  off  a  little  way  and  take 
a  view  of  your  work,  the  field  of  your  activity  and  its  rela- 
tion to  the  general  scheme  of  things.  To  go  up  on  a  moun- 
tain, so  to  speak,  and  look  down  upon  the  world,  to  ponder 
what  its  inhabitants  are  all  doing  and  why,  and  where  you 
fit  into  the  plan.  One  may  well  muse  ove  rthe  purpose  of 
it  all.  It  seems  like  a  very  fair  earth,  where  men  ought  to 
be  very  decent  and  very  comfortable.  Then  why  have  they 
made  such  a  sorry  mess  of  it?  Perhaps  it  is  in  the  divine 
scheme  that  they  should  make  a  mess  of  it.  We  know  there 
has  always  been  a  terrible  struggle,  perhaps  always  will  be, 
for  the  things  that  bring  us  food,  covering,  shelter  and  de- 
Jight  for  the  senses,  and  the  landscape  will  soften  very  grad- 
ually as  men  slowly  learn  that  it  is  not  a  struggle  of  units, 
but  a  struggle  of  humanity  in  the  mass ;  that  we  cannot  live 
alone,  but  that  we  depend  upon  each  other  and  that  the  one 
substantial  happiness  that  comes  to  any  man  is  to  be  mea- 
sured by  the  extent  of  his  service  to  others. 

And  so  I  cannot  talk  about  the  engineer  until  I  find  his 
place  in  this  scheme  of  things ;.  and  when  I  see  what  he  has 
done  for  the  world,  when  I  find  that  within  the  last  century 
he  has  practically  revolutionized  the  living  conditions  of  civ- 
ilized people,  and  made  the  world  more  habitable  than  was 
even  dreamed  of  by  the  greatest  imaginations  of  former 
ages,  I  am  bound  to  conclude  that  the  engineer,  perhaps 
above  all  others,  has  contributed  most  to  the  material  wel- 
fare of  humanity.  What  is  known  as  the  world's  industrial 
revolution  began  about  a  hundred  years  ago  when  by  the  ap- 
plication of  steam  as  motive  power  and  the  inventions  of 
machines  for  various  purposes  which  it  stimulated,  and  the 
onward  march  of  scientific  discovery,  there  followed  the 
age  which  has  culminated  in  our  own  day  in  a  world  trans- 
formation. And  what  a  romance  it  has  been,  this  work  of 
the  engineer.  Not  alone  for  money  gain  has  he  labored, 
albeit  he  has  made  it  for  others,  but  to  him  has  come  a 
wealth  greater — 

"Than  all  Bocara's  vaunted  gold, 
Than  all  the  gems  of  Samarcand." 

the  consciousness  of  a  great  world  service.  He  has  hitched 
his  wagon  to  a  star.  Do  you  remember  that  beautiful  poem 
of  Kipling's  which  begins — 

"When  earth's  last  picture  is  painted, 
And  the  tubes  are  twisted  and  dried." 
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and    then   he   describes   that   heavenly   existence   where — 

"No  one  shall  work  for  money, 
And  no  one  shall  work  for  fame, 
But  each  for  the  joy  of  the  working, 
And  each  in  his  separate  star. 
Shall  draw  the  thing  as  he  sees  it, 
For  the  God  of  Things  as  they  are." 

The  engineer  does  not  have  to  die  to  do  that.  He  does 
it  while  he  is  here.  He  has  been  the  interpreter  of  physical 
facts  and  natural  laws  and  mashalled  them  into  useful  paths 
of  world  employment.  He  has  *'drawn  the  thing  as  he  sees 
it,  for  the  oGd  of  things  as  they  are."  I  sometimes  imagine 
when  I  look  at  a  great  piece  of  engineering  work — an  ocean 
steamer,  a  long  span  of  bridge,  a  big  dam,  an  immense  power 
house, — that  if  the  creator  of  it  should  have  passed  into  the 
shadows,  his  soul  must  still  hover  near  this  monument  of  its 
earthly  expression,  for  that  would  be  Heaven  indeed. 

It  is  this  feeling  that  I  have  for  the  engineer,  the  love 
and  esteem  I  hold  for  him,  that  prompts  me  to  ask  this 
question — Why  is  not  the  engineer  a  more  conspicuous 
member  of  the  community  ?  The  query  is  by  no  means  or- 
iginal with  me.  It  is  beginning  to  concern  the  engineer  him- 
self. It  has  been  accentuated  herhaps  by  his  large  contri- 
butions to  our  victory  in  the  great  war,  not  only  through 
his  engineering  achievements,  but  his  power  of  organiza- 
tion and  administration,  the  employment  of  a  mind  trained 
to  deal  with  facts  and  form  accurate  conclusions.  It  has 
been  the  frequent  topic  before  many  of  our  engineering  so- 
cities. 

The  problem,  it  seems  to  me,  lies  more  particularly 
with  the  engineer  as  an  individual  and  that  is  the  chief 
thought  in  my  mind.  Why  is  he  not  a  more  conspicuous 
citizen?  Why  do  we  not  have  more  of  the  benefit  of  his 
trained  mind  in  our  public  affairs?  Is  he  to  be  so  highly 
specialized  in  his  profession  as  not  to  be  a  man  among  men, 
he  of  the  trained  mind,  and  not  help  to  solve  the  problems 
common  to  us  all  ?  Shall  we  leave  it  to  the  lawyers  to  hold 
public  offices?  If  so,  I  am  wondering  what  special  quali- 
fications the  lawyer  has  for  the  public  service  that  the  en- 
gineer does  not  possess,  or  at  least  might  not  readily  ac- 
quire. I  can  very  easily  imagine  that  the  engineer  in  his 
lifetime  search  for  facts,  for  the  truth  of  things,  dealing  as 
he  must  with  the  economic  problems  which  suffer  no  gloss 
or  guile,  might  indeed  be  a  very  valuable  public  servant. 
I  am  told  that  the  membership  of  the  Sixty-Fifth  Congress 
contains  not  a  single  engineer  in  either  the  Upper  or  Lower 
House.  It  must  be  a  matter  of  chagrin  to  us,  when  we  come 
to  think  of  it,  that  in  our  country  with  its  wonderful  scien- 
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tific  and  mechanical  achievements  which  have  been  the  big- 
gest thing  in  our  development  there  stand  out  very  few 
among  our  engineers  or  scientists  whose  voice  is  heard  in 
our  National  councils.  What  a  pity ;  and  how  much  better 
it  would  be  for  the  country  if  the  reverse  were  true. 

I  think  the  trouble  starts  at  the  school.  I  am  glad  to 
say  that  that  feature  is  improving,  but  I  think  rather  slowly. 
As  a  rule  technical  school  graduates  have  shown  too  much 
the  effect  of  a  specialized  training  at  the  expense  of  an  edu- 
cation. The  engineer  seerhs  to  be  stamped  upon  them  at  the 
expense  of  the  men.  Their  general  interest  in  things  has 
not  been  stimulated.  They  have  not  the  catholicity  of  taste 
or  ready  response  to  environment  that  marks  the  well  round* 
ed  man.  Then  followed  their  years  of  work,  their  concen- 
tration upon  the  thing  they  loved,  with  little  heed  for  the 
varieties  or  amonities  of  our  common  social  existence.  I 
do  not  complain  of  the  engineer's  usefulness.  There  is 
nothing  but  praise  to  be  said  for  the  value  of  his  work.  But 
he  lives  in  a  world  of  men  who  have  their  own  way  of  ap- 
praising his  value  and  I  am  contending  that  he  has  the 
training  that  will  enable  him  to  serve  them  in  a  greater  de- 
gree still,  if  he  will  come  out  of  his  hermitage  and  mingle 
with  the  open  world.  We  must  remember  that  in  our  own 
country  there  is  very  little  spontaneity  of  recognition  of  the 
men  of  science.  In  the  older  countries  they  are  selected  for 
distinguished  honors.  Great  Britain  knights  her  Thompsons, 
her  Parsons,  her  Whitworths,  her  Bessemers,  a  long  list  of 
them  who  take  place  with  her  statesmen,  her  scholars,  her 
publicists.  Poincare,  the  President  of  France,  is  said  to  be 
one  of  the  world's  greatest  mathematicians.  Clemenceau 
was  once  a  physician  and  I  am  told  that  there  are  about 
seventy  physicians  in  the  present  Chamber  of  Deputies.  And 
Paderewski  is  now  running  Poland.  If  this  artist,  who  I 
suppose  is  temperamental,  can  leave  his  keyboard  and  work 
with  all  his  brain  and  brawn  and  heart  and  soul  for  the  na- 
tionality of  his  country,  what  do  you  suppose  the  engineer 
might  do?  Artist  that  he  is,  he  fits  very  well  into  my  theme. 
Our  first  President  was  an  engineer.  Franklin  was  a  scien- 
tist. But  both  of  these  great  men  had  other  compelling  in- 
terests that  made  their  names  immortal.  The  habit  went 
out  of  fashion  at  an  early  date. 

The  fact  is  that  our  own  country  is  not  inclined  to  exalt 
a  man  into  realms  of  distinction  beyond  his  definite  accom- 
plishment, although  it  does  quickly  recognize  him  for  what 
he  does,  and  it  is  as  true  of  human  nature  here  as  else- 
where, that  your  light  gives  better  illumination  when  ex- 
posed than  when  hid  under  a  bushel.     Our  friend,  the  en- 
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gineer  is  too  modest.  Any  man  would  be  who  spends  his 
life  struggling  with  natural  laws ;  he  finds  out  how  small  he 
is.  And  I  suppose  it  to  be  natural  that  he  should  view  with 
but  casual  interest  the  many  phases  of  our  social  Ufe,  and 
especially  the  banalities,  as  he  sees  it,  of  politics.  So  he 
keeps  aloof  from  all  these  trifling,  artificial,  unsubstantial 
aifairs,  and  remains  the  engineer.  And  the  public  lets  him 
have  his  way.  Now  that  is  undoubtedly  very  wrong.  There 
is  nothing  more  true  than  the  fact  that  people  live  upon  the 
earth  in  a  social  state  of  interdependence,  the  most  success- 
ful of  them  under  representative  forms  of  Government. 
Through  these  representatives  national,  state  and  municipal 
laws  and  local  ordinances  are  enacted,  supposed  to  give 
the  maximum  benefit  to  the  greatest  number.  These  import- 
ant functions  are  exercised  often  from  political  motives 
purely.  Very  often  the  motive  is  honest  and  sincere,  but 
the  result  is  unwise,  unsound  and  sometimes  vicious  in  its 
consequences.  Do  you  suppose,  for  instance,  that  the  hydro- 
electric situation  in  our  country  today  would  have  existed 
had  there  been  among  our  law  makers  enough  men  with  the 
engineering  and  economic  knowledge  to  know  what  they 
were  doirig?  No,  it  required  a  world  war,  with  its  stress 
upon  every  ounce  of  our  national  energy  to  make  us  fully 
realize  that  we  have  about  twice  as  much  undeveloped  water 
power  in  this  country  as  there  is  steam  power  in  use,  includ- 
ing locomotives,  scarcely  any  of  which  will  invite  a  dollar 
of  capital  under  our  present  ill-considered  laws.  So  the 
President  is  now  trying  to  speed  up  the  remedial  legisla- 
tion that  has  been  under  consideration  for  many  years. 

But,  as  I  said  before,  the  engineer  will  not  be  picked 
from  his  profession  to  serve  in  public  life.  He  must  himself 
show  social  and  public  activity.  He  must  make  men  aware 
of  him.  I  wonder  if  I  might  say  he  must  advertise  himself 
— that  word  '*advertise"  has  a  new  significance  to  me  since 
I  have  seen  how  necessary  and  successful  it  was  in  such  a 
good  and  Worthy  cause  as  our  Liberty  Bond  campaign. 
When  Emerson  said  that  if  you  could  do  something  better 
than  any  one  else  could  do  it,  the  world  would  make  a  path 
to  your  door,  even  though  you  lived  in  the  heart  of  a  wood, 
he  had  in  mind  only  one  phase  of  human  nature.  It  is 
equally  a  fact  that  the  greatest  truth  that  was  ever  estab- 
lished will  be  accepted  more  readily  if  it  hits  you  in  the  face 
at  every  turn.  Not  as  an  engineer  shall  he  advertise,  but  as 
a  man  of  superior  mind,  who  in  the  sweep  of  his  knowledge 
and  the  sincerity  of  his  purpose  shall  become  a  strong  and 
helpful  influence  in  our  public  aflfairs.  We  are  living  in  a 
critical  period  of  the  world's  history.  We  have  just  ex- 
pended nearly  ten  million  lives  and  two  hundred  billions  of 
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wealth,  and  were  ready  to  give  all  our  lives  and  all  our 
wealth  to  preserve  our  heritage  of  freedom  and  righteous- 
ness. Thrones  have  been  demolished  and  Governments  up- 
set and  the  world  is  trying  to  find  its  way,  let  us  hope,  to 
a  new  and  better' order  of  existence.  Meanwhile,  there  are 
tens  of  millions  of  people  living  under  conditions  of  social 
chaos,  and  it  would  be  a  bold  man  who  could  say  how  far  it 
will  go.  or  indeed,  whether  our  own  fair  land  shall  be  im- 
mune from  the  blight  of  these  poisonous  theories  that  have 
already  spread  from  the  Volga  to  the  Rhine.  Let  us  hope 
not.  But  let  us  make  sure  that  it  shall  be  every  man's  duty 
to  come  out  of  his  isolation  into  his  fullest  obligations  of 
citizenship ;  that  men  of  trained  mind  and  trained  character 
shall  seek  their  places  in  the  councils  of  our  country;  and 
that  the  engineer  above  all  others  shall  no  longer  exclude . 
himself  from  the  fullest  measure  of  public  service. 
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PURDUE  ENGINEERING  SCHOOLS  IN  WAR 
TIME  ACTIVITIES 

By  Prof.  G.  A.  Young,  '97 

The  statement  is  ofttimes  heard,  **that  it  is  easier  to 
change  from  the  ways  of  peace  to  the  perilous  times 
of  war  than  it  is  to  change  from  ways  of  war  to  the 
perilous  times  of  peace."  Whatever  truth  there  may  be 
in  the  above,  it  is  a  fact  that  the  engineering  schools 
turned  their  energies  to  the  training  of  soldiers  with 
amazing  ease  and  recognized  efficiency.  Purdue  was  one 
of  the  first  educational  institutions  to  offer  her  facilities 
in  any  way  possible  to  aid  the  Government  in  the  train- 
ing of  soldiers,  with  result  that  April  25,  1918,  found  the 
new  Armory  filled  with  800  men  sent  here  for  instruction 
in  auto  mechanics.  This  number  was  increased  until  at 
the  maximum,  the  engineering  schools  were  training  100 
men  in  concrete  work,  (Civil)  300  in  radio,  telephone  and 
signal  work,  (Electrical)  800  in  auto  mechanics  (Me- 
chanical) and  400  in  truck  masters  (Mechanical).  The 
work  involved  thousands  of  dollars  of  extra  equipment 
and  nearly  a  hundred  extra  instructors.  The  fine  equip- 
ment, the  high  quality  of  instruction  could  not  but  get 
results  in  finely  trained  men.  After  the  eight  weeks  of 
instruction  one  group  was  sent  on  and  another  took  their 
places.  That  the  Purdue  trained  soldier  in  the  war  time 
courses  had  received  specially  fine  training  was  evidenced 
sending  group  after  group  of  men  here  from  other  insti- 
by  the  fact  that  the  Government  Board  made  special  men- 
tion of  the  work  here  in  their  monthly  reports  and  by  their 
sending  group  after  group  of  men  from  other  insti- 
tutions to  study  the  Purdue  methods. 

It  is  interesting  and  very  significant,  that  there  are 
now  enrolled  in  the  regular  engineering  courses  many 
students,  who  had  been  sent  here  by  the  Government  in 
those  trying  war  time  conditions,  recognized  even  then 
the  value  of  engineering  as  given  at  Purdue  University 
and  after  demobilization,  hastened  back  to  Purdue  to  fit 
themselves  for  the  engineering  profession. 
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ENGINEERS  IN  THE  ARMY  MEDICAL 
DEPARTMENT 

By  A.  G.  Husted,  '12 

Prior  to  the  entry  of  the  United  States  in  the  World 
War,  commissions  in  the  medical  department  of  the  U.  S. 
Army  were  so  jealously  guarded  that  aside  from  the  vet- 
erinary and  dental  corps  (officers  of  which  were  graduate 
veterinary  and  dental  surgeons)  no  commissions  were 
granted  to  any  but  graduates  of  recognized  colleges  of 
medicine.  However,  as  soon  as  it  was  recognized  what  an 
enormous  army  this  country  would  have  to  furnish  to  be  of 
any  material  assistance  in  the  war,  it  was  seen  that  certain 
other  specialized  professions  could  be  of  a  great  deal  of 
assistance  to  the  medical  department. 

The  inclusion  in  the  medical  department  of  non-med- 
ical officers  was  prompted  by  two  considerations.  In  the 
first  place,  it  was  seen  that  in  order  to  supply  the  proposed 
army  with  a  sufficient  number  of  medical  officers  if  all  were 
graduate  physicians  the  country  would  be  depleted  of  its 
physicians  to  such  an  extent  as  to  be  dangerous  to  the  health 
of  the  nation,  and  besides,  there  was  some  doubt  as  to 
whether  a  sufficient  number  of  doctors  could  be  induced  to 
volunteer  their  services.  In  the  second  place,  there  were 
some  duties  connected  with  the  medical  department  that 
could  be  more  satisfactorily  performed  by  other  profes- 
sions. 

In  view  of  the  foregoing  considerations  the  sanitary 
corps  was  formed  as  a  temporary  branch  of  the  medical  de- 
partment. Whereas  all  other  commissioned  branches  of  the 
medical  department  were  limited  to  their  particular  branch 
of  medicine,  the  sanitary  corps  had  no  well  defined  limita- 
tions. It  was  quite  natural,  therefore,  to  expect  to  find  var- 
ious professions  represented  therein.  The  principal  divisions 
finally  included  were  administrative,  phychological,  nutrition, 
and  engineering. 

Since  this  paper  has  to  do  with  the  engineering  division 
only,  the  administrative,  phychological,  and  nutrition  divi- 
sions will  be  passed  over. 

Officers  of  the  engineering  division  were  drawn  prin- 
cipally from  sanitary  engineers  and  sanitary  chemists  in  the 
various  branches  of  their  profession  such  as  engineers  and 
chemists  connected  with  municipal  and  state  health  depart- 
ments and  the  United  States  Public  Health  Service,  consult- 
ing engineers  and  assistants  in  water  purification,  sewerage 
disposal,  garbage  disposal,  etc.,  and  other  similar  or  allied 
branches  of  the  profession. 
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The  principal  positions  to  which  these  officers  were  as- 
signed in  camp  organizations  were  assistants  to  camp  sani- 
tary inspectors,  commanding  officers  of  sanitary  corps  de- 
tachments, and  camp  sanitary  engineers.  Overseas  they  were 
in  command  of  sanitary  squads  and  on  staff  duty  looking 
after  water  supply.  As  the  writer  did  not  reach  France  very 
little  definite  information  can  be  given  concerning  the  work 
of  the  sanitary  corps  there.  Consequently  this  paper  will  be 
confined  principally  to  work  in  this  country. 

As  assistants  to  camp  sanitary  inspectors,  sanitary  corps 
officers  were  able  to  fulfill  the  first  consideration  prompting 
the  creation  of  the  corps.  That  is,  they  were  able  to  do  work 
which  otherwise  would  have  been  done  by  medical  corps 
officers,  and  in  this  way  released  doctors  for  work  which 
required  medical  training.  The  duties  of  these  assistants  to 
camp  sanitary  inspectors  consisted  principally  in  making  san- 
itary inspections  of  regimental  and  other  camp  areas,  and 
also  of  rubbish  dumps,  manure  dumps,  garbage  collection 
and  disposal,  etc.  In  a  few  cases  sanitary  corps  officers  were 
assigned  to  duty  as  camp  sanitary  inspectors,  but  since  the 
work  of  the  sanitary  inspector  included  the  control  of  com- 
municable diseases  as  well  as  general  sanitation,  this  officer 
should  be  an  epidemiologist  as  well  as  a  sanitarian.  Conse- 
quently the  sanitary  inspectors  were  usually  medical  corps 
officers.  Sanitary  corps  officers  acting  as  assistants  to  san- 
itary inspectors  were  able  to  do  very  little  independent  re- 
sponsible work,  but  occasionally  were  able  to  render  a  great 
deal  of  assistance,  especially  in  matters  requiring  engineer- 
ing knowledge  and  training  such  as  water  supply,  drainage, 
etc. 

Commanding  officers  of  sanitary  corps  detachments 
were  almost  without  exception  sanitary  corps  officers.  None 
of  the  duties  pertaining  thereto  required  medical  skill,  and 
thus  doctors  were  released  for  medical  work.  Further- 
more engineering  training  was  advantageous,  since  the 
work  of  these  detachments  consisted  largly  of  constructing 
and  policing  drains. 

As  camp  sanitary  engineers,  sanitary  corps  officers 
were  able  to  do  their  most  important  work  as  engineers 
as  far  as  work  in  this  country  was  concerned.  At  least 
this  was  the  case  where  the  camp  sanitary  inspector  did 
not  try  to  assume  all  authority  over  the  engineer's  work  as 
well  as  his  own.  The  writer  has  found  in  his  experience 
that  this  sometimes  happened.  Before  the  creation  of  the 
sanitary  corps  sanitary  inspectors  (who  were  of  course  med- 
ical corps  officers)  had  complete  charge  of  all  sanitary  in- 
spections including  inspection  of  water  supply,  sewage  dis- 
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posal,  drainage,  etc.,  as  well  as  the  control  of  communicable 
diseases  and  the  general  health  of  the  command.  After  the 
creation  of  the  sanitary  corps,  however,  and  the  inclusion 
therein  of  sanitary  engineers,  the  position  of  camp  sanitary 
engineer  was  created.  For  a  considerable  time  after  the 
creation  of  this  position  no  definite  instructions  were  is- 
sued defining  their  duties.  Consequently,  camp  sanitary  in- 
spectors continued  to  assume  control  of  work  that  wis  in- 
tended to  be  taken  care  of  by  the  camp  sanitary  engineers. 
Nor  could  they  be  blamed.  Finally,  however,  instructions 
were  issued  by  the  war  department  clearly  defining  their 
status.  By  these  instructions  the  camp  sanitary  engineer  was 
made  a  direct  assistant  to  the  camp  surgeon  on  such  mat- 
ters as  general  sanitation,  mosquito  control  and  drainage, 
water  supply,  sewage  disposal,  garbage  disposal,  etc.  It 
became  his  duty  to  inform  the  quartermaster  officer  in 
charge  of  utilities  of  faulty  or  poor  operation  of  water  sup- 
ply, sewage  disposal  plant,  or  any  other  utility  aifecting  the 
general  health  of  the  command.  He  was  also  required  to 
render  a  monthly  report  to  the  surgeon  general  outlining 
conditions  at  his  camp  with  reference  to  the  above  mentioned 
matters.  It  will  be  noted  that  as  camp  sanitary  engineers, 
sanitary  corps  officers  were  able  not  only  to  fulfill  the  first 
consideration  of  being  able  to  take  the  place  of  medical 
corps  officers  and  release  them  for  medical  work,  but  were 
able  actually  to  render  special  assistance  to  the  medical  de- 
partment by  virtue  of  their  special  training  along  the  line 
of  sanitary  engineering. 

Looking  backward  over  one  year  of  service  in  the 
medical  department  there  is  no  doubt  in  the  mind  of  the 
writer  as  to  the  wisdom  of  establishing  the  sanitary  engin- 
eering division  of  the  sanitary  corps.  The  writer  served  as 
assistant  to  camp  sanitary  inspector,  camp  sanitary  engineer, 
and  commanding  officer  of  a  sanitary  corps  detachment. 
While  the  work  was  far  from  being  all  technical  there  is  no 
question  but  more  efficient  work  could  be  done  in  these  posi- 
tions by  engineers  than  by  doctors. 

It  is  to  be  regretted  that  provision  has  not  been  made 
in  the  army  reorganization  bill  for  a  permanent  sanitary 
corps  in  the  medical  department.  While  the  need  for  such 
a  corps  and  especially  the  engineering  division  is  not  nearly 
so  great  during  peace  time  as  in  war,  yet  a  nucleus  organi- 
zation would  greatly  facilitate  matters  should  another  war 
necessitate  putting  a  similar  army  in  the  field  again. 
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WITH  THE  AIR  SERVICE  OF  THE  UNITED 
STATES  ARMY 

W.  O.  Erwin,  '20 

In  order  to  be  able  to  appreciate  what  the  United.* 
States  Government  was  confronted  with  in  the  develop- 
ment of  the  Air  Service  during  the  late  war,  it  will  be 
necessary  to  relate  a  few  fundamental  facts. 

First,  wholly  unexpected  problems  arose  on  all  sides, 
for  matters  were  being  dealt  with  which  were  entirely 
new  to  everyone  concerned.  Knowledge  had  to  be  ac- 
quired by  bitter  experiences  and  disappointments,  the 
best  hopes  often  meeting  with  sharp  disillusions,  and  fears 
hardly  being  expressed  until  they  became  realities.  The 
whole  problem  of  the  air  force  with  which  the  United 
States  was  confronted  at  the  beginning  of  the  war  was 
approached,  therefore,  without  a  realization  of  the  many 
pit-falls. 


Much  time  was  spent  in  forming  a  Bill  to  be  intro- 
duced to  Congress  for  appropriations,  etc.,  but  there  had 
to  be  a  beginning  and,  although  many  mistakes  were  made 
and  criticism  came  from  many  sides,  and,  too,  many 
doubts  were  in  the  minds  of  our  leaders,  still  the  whole 
program  followed  through  from  the  beginning  of  hostili- 
ties in  1917  until  the  end  in  1918  was  a  romance,  whether 
it  be  called  a  success  or  a  failure,  and  will  bear  com- 
parison with  any  branch  in  this  great  war. 

At  the  beginning  of  the  war  the  United  States  Air 
Force  consisted  of  only  eighty-five  students,  fourteen  civ- 
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ilians,  and  no  reserve  military  aviator  instructors  were 
available  as  a  teaching  force.  The  equipment  at  the  fields 
consisted  of  five  primary  training  planes,  nine  motor 
trucks,  eight  motorcycles  and  three  automobiles.  The 
whole  aviation  consisted  of  sixty-five  officers  and  1,120 
men.  This  represented  the  ground  work  on  which  it  was 
necessary  to  erect  the  development  called  for.  This  cer- 
tainly did  not  show  promise  of  a  great  aerial  army.  No  one 
on  this  side  had  ever  seen  a  battle  plane,  no  one  here  had 
an  idea  of  the  necessary  qualities  of  a  prospective  flier 
or  of  the  intricacies  of  training  required  to  turn  out  a 
pilot.  Some  system  worked  out  along  broad  lines  had  to 
be  developed  quickly,  whereby  the  whole  revolutionizing 
of  the  United  States  air  force  would  serve  as  a  starting 
point.  So  it  was,  with  what  available  information  we 
could  secure  from  our  allies,  that  we  began  our  air  pro- 
gram. And  so  it  was  through  the  beginning  of  the  fulfill- 
ing of  this  program,  that  on  May  19,  1918,  barely  a  month 
after  the  war  started,  six  ground  schools  were  opened, 
with  definite  curriculum  except  instructions  to  give  three 
weeks  of  intensive  military  training  while  other  details 
were  being  prepared.  Thus  the  ground  school  came 
into  being  as  the  first  big  step  in  the  large  scale  of  train- 
ing of  American  aviators.  Immediately  following  this 
came  the  construction  of  flying  fields,  building  of  planes 
with  which  to  equip  them  ;  hangers  were  constructed. 
Much  valuable  information  for  guidance  in  the  building 
program,  as  well  as  for  the  training  of  aviators,  was  now 
being  furnished  by  British  and  French  officers  who  v/ere 
beginning  to  arrive  on  this  side  from  the  front. 

During  the  first  six  weeks  of  the  war  a  small,  but 
strong  foundation  was  being  laid,  to  meet  the  aerial  pro- 
g:ram  which  was  being  put  through  with  great  speed,  and 
seemed  at  this  time  as  a  balanced  branch  of  a  many  sided 
military  establishment. 

Work  on  flying  fields  was  begun  in  May,  1917,  under 
the  stimulus  of  the  prospect  that  the  first  ground  school 
grraduates  would  be  ready  for  their  flying  instruction  in 
July.  Along  with  the  training  of  this  first  class,  there 
were  fields  being  selected  and  built,  roads  and  railroads 
constructed  about  them,  so  that  the  first  class  of  gradu- 
ates could  go  directly  to  the  flying  field  for  their  second 
step  in  instruction.  Nearly  five  months  had  now  passed 
since  the  beginning  of  the  war  but  already  great  strides 
had  been  made  in  this  branch  of  the  service.  However, 
compared  with  what  was  to  come  later,  this  beginning 
was  small  and  was  by  no  means  as  powerfully  promoted 
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as  it  would  have  been  if  the  real  needs  had  been  fore- 
seen. And  soon  we  learned  that  the  plans  of  the  air 
program  were  entirely  inadequate  to  meet  the  demands. 
We  were  spurred  on  by  our  allies  across  the  water  to  try 
to  achieve  greater  accomplishments,  which  were  neces- 
sary if  we  were  to  compete  with  the  damnable  Hun  who 
was  at  this  time  giving  the  allies  a  hot  chase  for  air 
supremacy.  So  the  previous  plans  of  our  Air  Service  pro- 
gram were  completely  shattered  at  the  beginning  of  1918. 
It  was  at  this  time  that  the  mchinery  was  set  in  motion 
for  an  expansion  unprecedented  in  history.  France  asked 
us  to  furnish  22,625  planes,  including  12,000  types  never 
seen  here.  Seven  hundred  million  dollars  were  asked  for, 
whereas  the  air  service  had,  in  all  the  years  previous  to 
the  war,  used  only  $16,000,000.    Twenty-four  flying  fields 


to  train  1,000  men  a  month,  as  well  as  supply  depots,  ma- 
chine shops,  and  fields  in  France  were  needed.  On  Janu- 
ary 1,  1918  we  were  to  begin  advanced  training  on  2,500 
De  Havilan  4's,  and  begin  speed  training  on  800  each  of 
S  E.  S.'s,  Sopwith  and  Spad  types.  Besides  this  total  of 
4,900  planes,  12,000  service  planes  and  24,000  engines  were 
called  for  by  June,  1918,  including  6,660  fighting  planes, 
4,000  reconnaissance  and  artillery  planes  and  1,333  bomb- 
ers. All  these,  we  must  remember,  were  to  be  produced 
in  from  six  to  eight  months.  Thus  the  United  States  was 
called  upon  to  carry  out  a  program,  which,  if  successful, 
would  accomplish  in  one  year,  from  practically  nothing, 
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the  building  of  an  aerial  force  three  times  the  size  of  that 
produced  by  France  during  three  years  of  bitter  war. 

We  can  now  begin  to  understand  why  we  did  not 
send  over  those  ten  thousand  planes  to  fight  the  Hun, 
as  was  so  foolishly  promised  in  the  big  black  headlines 
of  our  newspapers  early  in  1918.  But  unfortunately 
aviation  had  been  slow  in  this  country,  and  it  was  that 
romantic  appeal  to  the  American  imagination  that  did  a 
whole  lot  to  help  matters,  for  in  this  way  demands  for 
large  appropriations  were  not  so  startling  to  the  public 
mind.  The  Air  Service  was  uppermost  in  the  minds  of 
newspaper  correspondents  and  the  public  and  both  de- 
manded information.  The  public  soon  became  adjusted 
for  the  statements  which  were  to  come  from  Washington, 
which  in  ordinary  times  would  cause  intense  criticism 
from  the  public.  Editorials  began  to  appear  all  over  the 
country,  all  demanding  a  great  air  fleet  and  great  speed  in 
Congress.  So  when  the  announcements  came  from  Wash- 
ington to  the  effect  that  a  half  billion  dollars  were  needed 
in  addition  to  40,000  planes  and  10,000  aviators,  they  met 
with  public  approval.  It  seemed  that  the  public  was  very 
optimistic  and  did  not  realize  that  the  task  was  difficult. 
The  set  of  mind  had  molded  its  form.  But  days  passed 
into  weeks  and  weeks  into  months  and  still  the  fulfillment 
of  the  early  promises  always  seemed  just  over  the  crest, 
and  was  not  forthcoming.  Beyond  all  doubt  these  early 
promises  were  not  all  later  fulfilled,  but  it  is  only  fair  to 
take  all  phases  of  the  situation  into  consideration — the  un- 
familiarity  of  every  one  with  the  intricacies  of  the  task ; 
the  obvious  necessity  for  haste,  and  the  temptation  to  be 
enthusiastic  about  a  subject  already  dangerously  ro- 
mantic. But  whatever  be  the  grounds  for  criticism,  the 
fact  remains  that  an  enormous  program  had  been  launch- 
ed and  the  great  aerial  army,  which  later  developed,  had 
been  set  far  ahead  on  its  long  road  of  preparation. 

Up  to  the  date  of  August,  1917,  five  months  after  the 
declaration  of  war,  we  had  the  new  air  program  all  made 
out.  The  problem  of  personnel  for  the  great  air  fleet; 
pilots  and  observers,  photographers,  bombers,  engineers, 
instrument  repair  men  and  the  like,  now  opened  up  a 
wholly  new  and  unexperienced  line  of  work.  No  one  had 
any  idea  how  hard  it  would  be  to  man  an  aerial  army, 
or  to  the  number  of  ways  of  science  and  organization  the 
work  would  lead.  Plans  were  drawn  up  oh  as  compre- 
hensive a  scale  as  possible,  always  subject,  however,  to 
radical  changes  in  an  endeavor  to  cut  corners  and  keep 
abreast  of  an  almost  impossible  schedule.  But  in  spite  of 
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this,  it  soon  became  evident  that  the  proposed  number 
of  planes  could  not  be  manufactured  in  the  time  available 
over  here.  So  in  order  to  evade  the  holding  up  of  the 
training  of  cadets  in  flying  many  were  sent  overseas 
where  the  hopes  had  been  offered  for  overseas  training. 
But  here,  too,  there  was  an  insufficient  number  of  planes 
to  take  care  of  the  cadets.  The  problem  of  primary 
training  also  wavered  back  and  forth.  Motor  mechanics 
were  needed,  orders  came  for  thousands  of  spruce  timber 
men,  bricklayers  and  construction  men  were  needed. 
Schools  for  the  training  of  seemingly  every  avenue  of 
employment  were  opened.  By  May  1,  1918,  10,000  men 
had  been  sent,  within  six  and  a  half  months,  through 
different  schools,  and  the  immediate  pressing  needs,  both 
different  schools,  an  dthe  immediate  pressing  needs,  both 
for  overseas  and  for  flying  fields,  had  been  met. 


When  we  see  in  figures  just  what  the  vastness  of  the 
training  scope  was,  we  are  much  more  impressed.  By  the 
termination  of  hostilities  414  bombing  pilots,  329  bombing 
observers  had  been  graduated.  Nine  hundred  seven  aerial 
observers  and  1,192  pilots  had  been  graduated,  of  which 
number  half  were  overseas.  The  aerial  gunnery  ground 
schools  equipped  with  341  planes  and  had  a  total  of  2,295 
graduates.  One  thousand  five  hundred  sixty-seven  aerial 
photographers  were  graduated  from  the  aerial  photogra- 
pher's school  at  Rochester.  As  a  result  of  increased  fa- 
cilities  provided   for   in   the   radio   training,   there   were 
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240  radio  officers,  369  privates  and  780  mechanics  turned 
out  at  these  special  schools.  At  the  termination  of  hostili- 
ties 7,661  mechanics  had  been  graduated  and  1,729  more 
were  in  attendance. 

Now  to  return  to  the  flying  fields.  In  the  net-work 
of  thirty-one  fields  scattered  over  the  United  States  there 
was  going  on  daily  an  amount  of  flying  unprecedented  in 
the  history  of  the  world.  A  total  of  403,073  hours  were 
flown  in  a  period  of  less  than  four  and  a  half  months  be- 
tween June  30,  1918  and  the  signing  of  the  armistice,  in 
comparison  to  407,999  hours  flown  in  the  whole  year 
previous.  Figuring  this  at  eighty  miles  an  hour,  Anieri- 
cans  in  this  country  made  over  32,000,000  miles  in  air 
travel  in  a  little  over  one-third  of  a  year  and  over  64,- 
000,000  miles  during  the  war  period.  Overseas  figures 
show  that  on  November  6,  a  few  days  before  the  armistice 
was  signed,  77J26  men  of  the  Air  Service  had  actually  ar- 
rived overseas.  Of  these  20,003  were  with  the  A.  E.  F. 
in  the  zone  of  advance,  and  32,561  were  in  the  supply  serv- 
ice ;  4,134  were  with  the  French  in  the  zone  of  advance, 
515  were  with  the  British  Expeditionary  Forces;  20,162 
were  in  England ;  49  were  in  the  Italian  zone  of  advance 
and  122  in  the  Italian  supply  service.  At  the  termina- 
tion of  hostilities  the  Air  Service  in  France  included 
in  the  zone  of  advance  2,161  officers  and  22,351  soldiers, 
a  total  of  24,512  at  the  actual  front.  With  the  French 
army  there  was  detailed  eight  American  flying  officers, 
and  with  the  British  Expeditionary  Forces  were  49  offi- 
cers and  525  soldiers.  The  total  personnel  in  France  con- 
sisted of  6,861  officers  and  51,229  soldiers,  a  total  air 
strength  of  58,090.  Air  Service  mechanics  with  the  French 
army  included  109  officers  and  4,744  soldiers.  Nineteen 
months  before,  it  may  be  recalled,  the  total  Air  Service 
numbered  1,185  officers  and  men. 

Thus  we  have  the  American  Aviator  appearing  over 
the  trenches  in  every  sector  from  the  North  Sea  to  the 
Adriatic.  Their  part,  although  not  decisive  in  the  ex- 
treme degree  of  which  early  American  optimism  had 
given  hope,  was,  nevertheless,  important  in  eflfecting  the 
amazing  sudden  crumbling  of  the  enemies'  forces  and  led 
to  the  assurance  of  an  early  Allied  aerial  supremacy. 

All  these  achievements  were  not  manifested,  how- 
ever, without  their  price.  Many  precious  lives  were 
lost  in  the  preparation  of  this  aerial  army.  Up  to  Novem- 
ber 11,  1918,  a  total  of  278  men  made  the  supreme  sacrifice 
at  flying  fields  on  this  side.  This  well  advertised  danger 
did  not,  however,  mar  the  young  Americans*  ambition  to 
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attain  single  honor  and  fame.  Applications  for  flying  serv- 
ice were  received  by  the  thousands.  At  first  the  very 
flower  of  American  youth  came  forward,  but  later  the 
quality  began  to  fall  off  with  the  drawing  of  the  first  en- 
thusiasts and  the  attraction  of  other  good  officers'  train- 
ing camps.  The  task  of  sorting  the  desirable  applicants 
was  recognized  from  the  start  as  one  on  which  the  effici- 
ency of  the  Service  rested.  As  a  result  a  net-work  of  ex- 
amining boards  was  set  up  all  over  the  country.  Conse- 
quently the  examination  was  most  rigid. 

Each  man's  general  character,  athletic  ability,  agility 
of  mind,  and  past  record  were  gone  into  as  carefully  as 
possible  by  a  main  examining  board  to  see  if  he  appeared 
to  be  of  the  aviator  type.  Those  who  were  awkward, 
sluggish  or  slow  were  not  accepted.  After  tests  of  heart, 
lungs,  and  blood  pressure  came  tests  for  obstructions  in 
the  nose  and  throat,  which  might  be  a  danger  to  a  man 
passing  through  wide  range  of  temperature.  Severe  eye 
and  hearing  tests  were  also  given.  Most  unusual,  how- 
ever, was  the  balance  test  in  which  the  candidate  was 
spun  rapidly  around  in  a  revolving  chair  and  then  put 
through  certain  reaction  tests  which  were  definite  tests 
of  how  the  person  would  act  under  similar  flying  condi- 
tions. It  seemed  practically  every  part  of  the  body  was 
given  more  or  less  examination.  So  severe  were  these  ex- 
aminations that  practically  one  out  of  every  two  candi- 
dates was  thrown  out.  Eighteen  thousand  four  out  of 
38,770  were  rejected.  These  tests  which  were  standard- 
ized, contained  possible  mistakes,  but  it  is  safe  to  say 
that  much  grief  and  expense  was  saved  by  stopping  at 
the  gates,  men  temperamentally  or  physically  unfit. 

The  first  assignment  of  successful  candidates  was  to 
one  of  the  ground  schools,  previously  described,  where 
the  cadets  were  trained  in  what  was  at  first  a  three 
weeks'  course,  later  increased  to  eight  and  finally  to 
twelve  weeks.  During  these  periods  the  cadets  received 
instruction  in  the  theory  of  flight,  radio,  codes,  aerial  pho- 
tography, meteology,  gunnery.  Plenty  of  drill  and  cal- 
esthenics  were  given  along  with  the  studies  in  order  to 
keep  the  cadets  in  the  best  physical  condition.  One  of  the 
most  interesting  studies  and  probably  one  of  the  most  in- 
teresting devices  was  the  "miniature  range,"  which  view- 
ed from  a  balcony  above  exactly  simulated  a  sector 
of  a  battle  front.  The  cadets  seated  aloft  as  in  a  plane 
"spotted"  various  lights  made  to  flash  on  and  off  on  the 
range,  and  developed  speed  and  accuracy  in  observation, 
and  in  wirelessing  their  information  to  the  instructor,  who 
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signaled  the  lights  from  a  duplicated  map  chart  and 
checked  the  accuracy  of  the  cadets  work.  Lots  of  sport 
was  had  at  the  ranges  shooting  at  clay  pigeons,  which 
helped  to  develop  quick  and  alert  action  spotting  an  ob- 
ject with  a  gun. 

Along  with  these  minor  sports  went  a  lot  of  good 
earnest  work.  The  instructors  spent  sweltering  summer 
months  working  hard  upon  the  minds  of  the  young  men, 
trying  to  teach  them  all  that  was  possible  to  teach  about 
aeronautics  in  the  short  period  of  twelve  weeks.  At  tnese 
ground  schools  the  consolation  of  the  instructors  was  not 
only  the  rendering  of  a  service  to  their  country  but  the 
eagerness  and  responsiveness  of  their  pupils.  It  was  a 
college  in  which  the  ordinary  vexations  of  class  room 
work  was  unknown.  The  careless  young  man  was  here 
settled  down  upon  a  hard  and  arduous  task,  a  task  about 
which  he  was  serious  in  order  to  gain  an  education  per- 
taining to  aeronautics.  Class  room  cuts  were  not  tol- 
erated and  the  professor  who  extended  his  lecture  for  two 
or  three  minutes  overtime  was  not  made  acquainted  with 
the  fact  by  the  monitory  scraping  of  feet.  In  stead  the 
pupil  sat  stiff  as  a  ramrod,  quietly  recording  in  his  neat 
note  book  every  word  of  the  professional  wisdom.  The 
point  was  that  "flunking"  here  had  quite  a  different  mean- 
ing than  it  had  ever  had  before.  Occasionally  a  student 
failed,  and  the  penalty  was  sure  and  swift ;  he  was  drop- 
ped from  the  class  and  his  career  as  an  aviator  came  to 
an  abrupt  end.  The  student  who,  in  ordinary  college  life, 
did  not  worry  about  those  "letters  sent  home,"  or  about 
suspension  or  failure  to  receive  his  degree,  now  had  a 
wholesome  dread  of  being  found  unworthy  to  serve  his 
country,  and  likewise  dreaded  to  bring  to  a  smashing  end 
all  of  the  high  hopes  of  ever  being  an  aviator,  which 
thought  had  probably  been  spurring  him  on  so  earnestly 
in  his  work.  Or  perhaps  he  knew,  too,  that  if  he  failed 
that  he  would  have  to  go  back  to  the  organization  from 
which  he  came  and  ther^  be  the  same  unrecognized 
doughboy.  Hence  this  atmosphere  of  rapt  interest  in 
such  subjects  as  velocity,  the  lifting  power  of  the  wind 
and  the  mysteries  and  invisible  movements  of  the  air. 

The  second  step  inculcated  in  the  life  of  a  cadet,  if 
he  was  fortunate  enough  to  evade  the  torturous  "Battle 
of  Camp  Dick,"  (Dallas,  Texas),  was  to  be  taken  to  one 
of  the  large  new  flying  fields,  and  it  was  not  until  the 
cadet  reached  this  stage  that  he  was  really  glad  he  had 
chosen  this  branch  of  the  service. 
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Different  methods  of  instruction  were  followed  at 
different  fields  but  the  two  main  systems  were  the  "All 
Through"  system,  that  one  in  which  the  cadet  was  in 
charge  of  one  instructor  during  the  whole  primary  train- 
ing period  in  flying,  and  the  other  system  which  was 
carried  through  in  different  stages,  first  dual,  first  solo, 
second  dual,  second  solo,  etc.  Either  system  was  entire- 
ly worked  out  with  the  utmost  care  and  minute  detail, 
with  every  hour  filled  with  work  and  every  source  of  dan- 
ger guarded  against.  From  the  very  beginning  the  train- 
ing of  fliers  was  prescribed  with  the  utmost  care,  leaving 
just  as  little  chance  as  possible  in  a  science  in  which  so 
much  depended  upon  the  individual.  Step  by  step  the 
cadet  went  on,  always  held  back  it  seemed,  and  often 
needlessly,  until  he  was  double  skilled  in  the  present  phase 
of  the  work  and  doubly  eager  for  the  next.  In  the  early 
days  of  flying,  however,  this  was  not  always  true.  We 
had  not  had  experience  as  a  teacher  and  it  seemed  that 
the  idea  prevailed  that  all  a  person  needed  in  order  to  be 
able  to  learn  to  fly,  was  nerve.  He  was  **cut"  loose  early 
with  a  ship  and  took  his  chance.  If  he  made  a  successful 
flight  he  was  a  flier,  if  he  broke  his  neck  he  was  con- 
sidered as  being  no  good  in  the  first  place. 

The  first  ride  in  an  aeroplane  is  an  experience  not 
soon  to  be  forgotten.  It  is  supposed  to  be  a  sort  of  a  joy 
ride,  so  that  the  cadet  may  be  given  an  opportunity  to  ac- 
custom himself  to  the  ''feel"  of  the  plane.  And  too,  it  is 
desireable  to  make  a  favorable  impression  upon  the 
cadet  toward  flying  in  the  early  stages  of  the  training.  If 
the  cadet  is  taken  up  and  churned  about  on  the  first  ride 
he  may  be  entirely  scared  out  of  the  notion  of  ever 
wanting  to  fly  again.  Almost  without  exception,  how- 
ever, the  cadet  is  at  once  alarmingly  surprised  with  the 
simplicity  of  it  all  and  begins  to  gain  confidence  from  the 
start.  My  first  ride  I  will  never  forget.  I  had  reported 
to  a  certain  instructor  with  four  other  cadets  for  my  first 
ride.  Each  of  us  was  assigned  a  turn  to  fly  with  the  in- 
structor. I  was  to  be  the  second  one  up  so  my  wait  was 
short,  and  glad  I  was,  for  during  the  thirty  minutes  be- 
fore my  turn  came,  it  seemed  I  was  thinking  about  how 
wonderful  the  ride  would  surely  be.  I  tried  to  imagine 
myself  sitting  in  the  cock-pit,  and  wondered  if  I  would 
get  dizzy  or  sick  and  how  the  earth  would  look  below, 
and  how  it  would  seem  to  be  hurled  through  the  air  at 
such  great  speed.  I  was  much  relieved  when  the  instructor 
signaled  for  me  to  come  to  the  ship  he  had  taxied  up.  I 
climbed  into  the  rear  cockpit  of  the  ship,  a  standard  train- 
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ing  plane,  and  proceeded  to  strap  myself  in.  After  asking 
if  I  was  all  ready  the  pilot  adjusted  his  goggles,  peered 
over  each  side  of  the  ship  to  see  if  all  was  clear  in  front, 
pushed  the  throttle  wide  open  and  we  were  2off.  What 
happened  in  the  next  few  minutes  came  entirely  too  fast 
to  try  to  relate.  Soon  however,  I  noticed  the  earth  falling 
away  and  now  began  the  first  sensation  of  my  flight.  At 
once  I  began  looking  down  and  noticed  how  wonderful 
everything  looked  below,  the  small  domino  shaped  build- 
ings and  checkered  fields,  the  white  lines  outlining  the 
roads  and  creeks.  Instead  of  experiencing  the  sensation 
of  a  great  speed  as  I  had  expected  the  ship  seemed  to  be 
moving  along*very  slowly.  It  was  hard  to  realize  that  we 
were  traveling  close  to  ninety  miles  an  hour  at  times.  Up 
and  up  we  went  until  we  came  into  black  walls  of  mist. 
No  earth  could  be  seen  now,  and  at  once  my  mind  was 
diverted  to  the  deafening  roar  of  the  motor,  and  how 
powerful  it  seemed  and  how  helpless  I  myself  felt.  I  could 
not  ascertain  whether  we  were  moving,  side  slipping  or 
standing  still,  it  seemed  so  smooth,  until,  by  putting  my 
head  over  the  edge  of  the  cock-pit,  the  wind  pushed  in 
my  face  with  a  great  force.  We  were  only  in  the  clouds 
a  short  time  and  soon  were  into  the  bright  sunlight  above. 
I  had  not  been  admiring  the  wonderfulness  of  it  all  but 
a  short  time  however,  until  my  instructor  cut  off  the  mo- 
tor and,  turning  around  to  me,  made  a  motion  with  his 
hand  and  said  "tail  spin,  watch  the  controls.'*  The  ship 
for  a  second  seemed  to  almost  stop,  it  swerved,  quivered, 
and  then,  bang,  down  it  went.  The  clouds  had  cut  loose 
and  were  spinning  above,  around  and  under  us.  The  only 
reason  I  didn't  swallow  my  liver  was  because  I  couldn't 
catch  up  with  it.  About  the  time  I  had  gained  enough 
control  of  myself  to  remember  I  had  been  instructed  to 
watch  the  controls  the  instructor  straightened  the  ship 
out  and,  turning  around,  asked  me  how  I  liked  it.  I  was  too 
dumbfounded  to  even  try  to  talk,  but  I  was  quite  sure 
that  I  was  not  feeling  at  all  at  home.  By  the  time  we  had 
gained  altitude  again  I  was  almost  normal.  Right  and 
left  hand  spirals  were  the  next  thing  tried,  during  which 
time  I  would  barely  get  the  earth  located  on  one  side  of 
the  ship,  and  then  it  would  disappear  and  come  up  on 
the  other  side.  By  this  time  I  was  wondering  if  I  would 
ever  become  master  of  the  situation  and  really  be  able 
to  pilot  a  ship.  Finally,  after  giving  me  a  few  details,  my 
instructor  asked  me  to  put  the  ship  into  a  tail  spin.  The 
first  attempt  was  a  failure.  About  the  time  it  seemed  to 
me  to  be  falling  at  an  enormous  speed  I  began  to  put  the 
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controls  into  what  he  called  "neutral"  and  the  ship 
straightened  out.  The  second  attempt  was  better;  we 
went  spinning  round  and  round  down  into  the  clouds.  By 
this  time  I  was  beginning  to  feel  pretty  well  churned  up, 
and  something  was  gnawing  at  the  muscles  of  my  throat 
to  get  out ;  my  instructor  pulled  the  ship  out  of  the  spin 
and  although  I  had  a  hold  of  the  "joy  stick"  it  seemed  ta 
me  I  was  trying  to  balance  myself  on  a  point  and  liable 
to  fall  off  at  any  moment.  I  had  surely  had  enough  ride 
for  the  first  time  and  felt  much  relieved  when  were  glid- 
ing down  through  the  clouds  with  the  wires  singing  and 
the  water  streaming  from  the  wings.  Below  the  clouds 
the  home  field  was  seen  not  far  off.  Soon  the  earth  ap- 
peared to  be  rapidly  pushing  up  to  meet  us  and  just  in 
a  niche  of  time  the  ship  gracefully  flattened  out  its  glide 
and  the  tail  skid  striking  the  earth  soon  brought  us  to  a 
stop.  My  first  ride  was  over.  The  next  five  hours  were 
spent  with  instructions  in  practicing  landings,  take  offs, 
banking  and  gliding,  during  which  time  I  was  informed 
several  times  to  the  effect  that  I  was  far  from  an  ace.  At 
the  end  of  this  period  my  instructor  climbed  out  of  the 
ship  and  asked  me  if  I  thought  I  could  take  the  ship 
around  alone.  I  had  gained  enough  confidence  in  him  to 
know  his  judgment  made  him  feel  justified  in  turning  me 
loose,  and  even  if  he  did  not  care  for  my  neck^  I  knew 
he  was  held  accountable  for  the  ship.  Here  the  second 
big  sensation  of  flying  came  to  me.  My  mind  was  com- 
pletely submerged  in  applying  those  principles  which  I 
had  been  taught  and  I  was  very  conscious  of  the  fact  that 
the  ship  would  respond  to  the  way  in  which  I  controlled  it. 
There  was  no  room  in  my  brain  for  thoughts  of  fear. 
After  making  the  take  off  successfully,  followed  by  the 
first  and  second  turn,  I  was  sailing  along  on  the  back 
stretch  of  the  field  when  something  suddenly  seemed  to 
tap  in  on  my  mind  to  remind  me  that  I  was  all  alone,  do- 
ing this  feat  by  myself.  I  soon  began  to  experience  a  new 
feeling  of  confidence  in  myself.  Nevertheless,  this  feel- 
ing of  confidence  was  interspersed  with  a  timidity  which 
limited  my  aerial  achievements  on  my  first  ride  alone,  es- 
pecially when  I  noticed  the  ambulance,  or  so-called  "meat 
wagon"  down  there  on  the  ground,  which  just  seemed  to 
be  waiting  there  for  a  chance  to  come  and  mop  me  up. 
Anyway  I  made  the  next  turn  all  right,  and  shutting  off 
the  motor  "nosed"  down  toward  the  ground  and  made 
a  good  landing.  I  don't  believe  I  would  have  felt  any 
more  puffed  up  over  myself  had  I  just  brought  down 
my  first  Hun.    The  ship  had  hardly  come  to  a  stop,  how- 
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ever,  until  my  instructor,  who  had  been  standing  off  to 
one  side  watching  me  all  this  time,  gave  the  "high  ball" 
to  go  ahead  again.  I  had  thought  perhaps  he  would  come 
over  and  compliment  me  and  tell  me  what  a  great  flier  I 
was:     I  learned  that  officers  didn't  do  things  that  way. 

We  were  at  the  fields  for  flying  training  and  it  came 
fast  and  rigorous.  There  was  no  time  to  be  lost.  From 
this  time  on  just  as  soon  as  one  thing  was  learned  well 
something  new  was  added.  Often,  however,  new  things 
came  too  slow  and  old  things  became  old  too  soon,  so  we 
were  tempted  to  do  stunts  whenever  the  opportunity  pre- 
sented itself.  This  was  especially  true  when  away  from 
the  home  fieW  and  where  we  were  not  liable  to  be  caught 
up.  It  was  a  temptation  that  could  not  be  resisted,  to 
"jazz"  around  close  to  the  g^round,  chase  the  trains,  dive 
at  automobiles,  or  "flirt"  across  a  farmer's  front  yard, 
and  sometimes  "there  was  a  reason"  too,  for  the  latter. 
It  became  more  or  less  monotonous  to  fly  high  all  the 
time,  up  there  where  there  was  no  one  but  oneself;  thus 
the  eagerness  for  low  flying,  down  where  "people  lived" 
so  to  speak.  It  was  this  fool-hardiness  of  trying  new 
stunts  that  cost  so  many  lives  at  the  flying  fields  and  strict 
rules  were  enforced  to  forbid  such  practices  as  much  as 
possible.  Thrills  can  be  found  if  sought,  or  hours  can 
be  spent  in  the  air  as  monotonous  as  guiding  a  truck  along 
an  uninteresting  country  road.  There  were  thrills  galore 
to  be  had  in  "stunting"  and  this  was  the  greatest  sport 
in  the  whole  flying  game.  Many  unpleasant  experiences 
come  to  pass,  too,  during  the  flying  career,  but  all  these 
only  tend  to  increase  the  confidence  of  the  pilot,  since 
his  judgment  has  each  time  been  master  of  the  situation, 
and  brought  the  plane  to  earth,  and  still  been  able  to  tell 
about  it.  After  all,  the  flying  game  is  not  any  more  dan- 
gerous than  some  other  occupations  in  life  if  considered 
outside  of  actual  warfare.  In  spite  of  all  precautions,  in 
spite  of  the  most  stringent  regulations,  fatalities  proved 
unavoidable,  some  due  to  dangers  inherent  in  the  ab- 
normal flying  required  in  warfare,  some  due  to  purely 
human  weaknesses  in  the  fliers.  Up  to  November  11,  a 
total  of  278  men  made  the  supreme  sacrifie  on  this  side. 
Averaging  this  number  against  the  total  of  811,072  hours 
flown  gives  a  fatality  for  every  2,960  hours  or  236,800 
miles,  a  very  much  more  favorable  record  than  similar 
figures  for  fliers  trained  in  France  and  England,  or  by 
the  Canadian  authoities  in  Texas. 

Thus  we  have  the  Air  Service  today  filling  a  far  great- 
er common  place  than  it  did  only  a  few  months  ago.  The 
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war  served  to  do  all  this.  It  brought  the  air  man  down 
to  earth,  so  to  speak,  and  made  him  human.  Before  the 
war  an  aviator  was  looked  upon  as  a  dare-devil,  to  be 
seen  only  on  special  occasions.  The  recognition  of  avi- 
ation as  a  means  of  offense  and  defense  has  changed  all 
that.  The  aeroplane  caught  the  popular  fancy.  The  air 
man  became  the  modern  hero.  To  be  an  aviator  was  the 
thing  of  the  hour.  The  result  was  that  soon  the  man 
with  a  pair  of  wings  on  his  breast  was  frequently  seen. 
People  no  longer  turned  in  the  street  to  stare  at  him. 
There  is  something  fascinating  about  flying  which  seems 
to  create  a  change  in  the  person  who  has  flown,  as  seen 
through  the  eyes  of  the  person's  friends.  The  flier  has 
acquired  a  something  that  has  made  him  different.  He  is 
not  the  same  man.  So  upon  our  return  from  the  service 
we  have  many  questions  put  to  us  by  our  friends.  No  one 
question  is  asked,  more  often  than  this,  "How  does  it  feel 
to  fly'*  and  the  answer  given  depends  on  how  the  flier 
feels  at  the  time  or  by  whom  the  question  is  asked.  If 
asked  this  question  by  a  lady  friend  he  may  answer 
with  thrilling  and  hair-raising  stories,  while  if  he  feels 
like  clearing  the  question  at  once  he  may  say  that  it  is  in 
direct  simulation  with  driving  a  car.  The  answer  to  this 
question  is  not  as  easily  given,  though,  as  the  person  who 
asks  may  think.  It  is  the  "feel"  of  a  ship  which  one  has 
to  acquire  before  he  becomes  a  successful  flier.  It  is  this 
sense  of  "feeling"  that  develops  the  automatic  human  con- 
trol which  develops  in  the  aviator,  and  it  is  not  easy  to  ex- 
plain just  what  this  "feel"  is.  It  is  this  sense  of  feeling, 
however,  by  means  of  which  we  can  tell  in  what  position 
the  ship  is  "hanging."  It  is  a  quality  which  is  supposed 
to  be  determined  by  the  medical  board  with  their  whirl- 
ing chair.  Some  who  did  not  have  this  quality  did  gel 
by  but  they  were  few.  This  was  one  place  where  the 
old  fogy  idea  of  sizing  up  a  man  by  his  appearance  did 
not  hold.  I  have  known  men,  athletes,  and  with  every 
mark  of  courage  and  determination  upon  them,  give  up 
their  attempt  to  learn  to  fly,  while  others,  small  men,  al- 
together unimpressive  in  appearance  and  with  weakly 
looking  faces,  would  prove  to  turn  out  the  most  expert 
and  daring  fliers. 

In  this  war  romance  has  played  a  big  part.  The  lure 
of  adventure  has  drawn  together  a  class  of  men  from 
whose  ranks  most  of  the  modern  heroes  have  emerged. 
It  is  this  type  of  man,  the  adventurer,  who  seems  to  make 
the  best  type  of  flier.  It  is  the  sensative  man,  who  has 
the  touch  and  sense  of  balance  that  enables  him  to  fly 
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and  perform  maneuvers  instinctively,  without  knowing 
just  how  he  does  them.  In  fact  there  were  nearly  all  types 
of  men  in  the  Air  Service,  some  were  dare-devilish,  some 
flew  by  a  mechanical  process,  that  is,  thinking  every  time 
they  moved  the  controls,  and  others  were  conservative 
fliers.  It  was  by  these  three  qualities  that  fliers  were 
classified  as  pursuit  pilots,  bombers  and  reconnaissance 
fliers. 

Out  of  these  classes  of  fliers  we  have  at  the  close  of 
hostilities  63  aces  emerging,  seven  of  whom  were  killed 
in  action.  The  total  number  of  aviators  killed  in  action 
on  all  fronts  was  reported  as  150.  Add  to  this  the  lives 
that  were  sacrificed  on  this  side  and  at  once  the  imagina- 
tion leaps  with  inspiring  awe  and  remorse.  Let  us  not  fail 
to  appreciate  the  fact,  however,  that  this  sacrifice  was  not 
in  vain.  America  dedicated  herself  to  the  conquest  of  the 
air.  In  order  to  accomplish  the  myriad  difficulties  which 
confronted  her  in  trying  to  carry  out  this  resolution  of 
gaining  air  supremacy  a  few  dark  pages  were  sure  to  be 
recorded.  A  superb  record  of  successes,  however,  was 
attained  in  the  end.  The  necessities  of  war  speeded  the 
development  of  the  aircraft  enormously.  Ten  times  as 
many  years  would  not  have  produced  the  same  advance 
if  the  years  had  been  devoted  to  peaceful  pursuits  and 
commercial  uses  of  aeroplanes  had  been  the  only  incentive 
to  inventors  and  producers.  With  the  great  start  made 
in  a  little  more  than  nineteen  months,  it  seems,  that  with 
the  perfections  of  aeroplanes,  new  possibilities  of  use  will 
be  discovered,  until  it  is  difficult  to  restrain  ones  fore- 
casts of  what  the  future  holds  in  store.  The  possibilities 
are  limitless. 
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A   PROCESS  FOR  THE  FIXATION   OF  ATMOS- 
PHERIC NITROGEN 

By  K.  B.  McEachron 

INTRODUCTORY 

For  many  years  investigators  have  been  trying  to  find 
a  cheap  method  for  the  fixation  of  the  nitrogen  of  the  at- 
mosphere. Several  different  methods  have  been  developed 
for  doing  this,  but  none  of  them  could  be  described  as  be- 
ing cheap.  A  brief  sketch  of  two  of  the  most  important 
processes  will  be  given. 


Nirroqcn  FijtoTion 
Apporolu  » 


In  the  so-called  Haber  process,  nitrogen  obtained  from 
the  air  is  combined  with  hydrogen  in  the  proper  propor- 
tions to  form  ammonia.  The  ammonia  thus  formed  may 
then  be  converted  into  whatever  form  is  required.  For  the 
Haber  process  the  nitrogen  is  obtained  from  the  air  by  the 
method  of  fractional  distillation.  Oxygen  is  a  by-product 
of  the  distillation  process.  The  necessary  hydrogen  may  be 
obtained  electrolytically  or  as  a  by-product  of  various  chem- 
ical processes.  The  hydrogen  must  be  pure  as  traces  of  oxy- 
gen, sulphur  or  hydrocarbons  destroy  the  effect  of  the  cata- 
lizer  used  when  combining  the  nitrogen  and  hydrogen.  The 
ammonia  is  produced  under  a  pressure  of  about  150  atmos- 
pheres and  at  a  temperature  of  from  500  deg.  to  600  deg. 
Centigrade. 
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The  Haber  process,  while  quite  expensive,  has  prob- 
ably been  used  more  than  any  other  during  the  war.*  The 
United  States  government  built  several  plants  to  operate 
on  this  principle,  in  order  that  a  sufficient  supply  of  nitrates 
might  be  insured  for  the  manufacture  of  explosives. 

If  air  is  heated  to  a  sufficiently  high  temperature 
(2000° C.)  an  appreciable  amount  of  nitrogen  and  oxygen 
combine  to  form  nitric  oxide  (NO).  This  temperature  is 
secured  by  the  use  of  the  electric  arc.  The  manner  of  pro- 
ducing the  arc  has  given  rise  to  several  differently  named  arc 
processes.  The  problem  seems  to  be  one  of  finding  the  way 
to  secure  the  most  intimate  contact  betweet  the  arc  and  gas, 
and  then  to  cool  the  gas  as  quickly  as  possible.  The  cooling 
is  necessary  because  the  NO  is  not  stable  at  the  temperature 
of  the  arc,  and  so  must  be  cooled  rapidly  to  prevent  dis- 
association. 

The  NO  formed  is  allowed  to  pass  slowly  through  large 
towers,  where  it  is  oxidized  and  absorbed,  the  final  product 
being  nitric  acid. 

The  first  cost  and  operating  expense  of  both  the  Haber 
and  the  arc  process  are  quite  high,  and  on  this  account  an 
investigation  has  been  undertaken  at  Purdue  to  develop  a 
process  which  would  produce  the  required  nitrates  more 
cheaply. 

SILENT   DISCHARGE 

If  a  conductor  is  charged  with  a  sufficiently  high  poten- 
tial, a  glow  will  appear  surrounding  the  conductor.  If  this 
discharge  is  maintained  in  the  air  for  a  short  time  a  pe- 
culiar odor  will  be  noticed  which  has  been  found  to  be  (Og) 
Ozone.  Apparatus  for  the  production  of  ozone  has  been 
developed  on  a  commercial  scale.  The  ozone  is  an  excel- 
lent oxidizing  agent,  one  atom  of  O  being  given  up  very 
readily.  Thus  if  ozone  could  be  brought  into  contact  with 
atomic  nitrogen,  nitric  oxides  would  form  as  a  result.  It 
would  seem  that  the  same  agent  which  breaks  up  the  mo- 
lecular oxygen  would  do  the  same  for  the  nitrogen,  al- 
though requiring  somewhat  different  conditions.  That  this 
is  true  has  been  ascertained  by  experiment. 

Quite  a  little  work  has  been  done  on  the  production  of 
ozone,  with  both  alternating  and  direct  current.  It  ap- 
pears to  be  well  established  tliat  the  direct  current  dis- 
charge is  not  as  efficient  as  that  formed  by  the  alternating 
current. 

That  this  discharge  called  the  silent  discharge  or  cor- 
ona would  produce  nitric  acid  in  the  presence  of  water 

^'nie  ejrmiuimid  proceu  was  also  largely  used. 
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has  long  been  known.  In  Austria,  Dr.  Hugo  Spiel  did  con- 
siderable work  in  1910  on  the  production  of  nitric  oxides 
by  the  discharge  of  a  large  induction  coil.  In  this  countr>- 
many  observers  have  commented  on  the  corrosion  of  wires 
on  transmission  lines,  especially  at  the  tie  wires  where  mois- 
ture may  remain  for  short  intervals. 

The  problem  to  be  investigated  at  Purdue  then,  be- 
comes one  of  finding  the  most  favorable  conditions  for  the 
production  of  the  NjOs*  which  is  formed  by  this  process, 
rather  than  NO. 


THE  APPARATUS 

The  discharge  tube  consists  of  an  aluminum  tube  6 
inches  in  diameter  and  5  feet  long.  This  tube  is  connected 
to  the  ground  through  the  ammeter  and  wattmeter  used  to 
measure  the  current  and  the  power  taken  by  the  tube.  An 
aluminum  rod  ^  inch  in  diameter,  placed  on  the  axis  of  the 
tube  and  connected  to  the  high  tension  transformer  forms 
the  other  electrode.  A  3  inch  porcelain  tube  Yz  inch  in 
thickness  and  6  feet  in  length,  placed  coaxially  with  the 
aluminum  tube  acts  as  a  barrier  to  prevent  an  actual  power 
arc  forming  between  the  rod  and  grounded  tube.  The  dis- 
charge tube  is  provided  with  apparatus  for  measuring  the 
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pressure  of  the  gas  in  the  tube  and  the  temperature  of  in- 
coming and  outgoing  air.  A  wrought  iron  casing  has  been 
placed  around  the  aluminum  tube  to  allow  tests  to  be  made 
at  high  pressures.  Most  of  the  work  done  thus  far  has  em- 
ployed a  potential  of  about  50,000  volts  at  60  cycles.  With 
this  voltage  a  strong  discharge  may  be  seen  through  the 
plateglass  bottom  of  the  tube.  At  low  pressure  the  dis- 
charge is  of  a  deep  violet  color,  no  sparks  or  streamers 
being  observed.  As  the  pressure  is  increased,  sparks  begin 
to  form  at  the  inner  electrode  until  finally  at  a  pressure  of  a 
little  above  that  of  the  atmosphere,  the  tube  is  filled  with 
these  sparks. 

Absorption  apparatus  consisting  of  an  absorption  tower 
containing  NaOH  was  used  for  nearly  all  of  the  work  done 
in  the  past.  Some  improved  absorption  methods  have  been 
worked  out,  which  give  very  intimate  contact  between  the 
gas  and  the  absorbing  liquid.  These  are  still  in  the  process 
of  evolution,  however,  and  will  not  be  described  here. 

The  NaOH  tower  as  constructed  was  quite  satisfactory. 
Instead  of  using  glass  beads  to  break  up  the  bubbles  of  gas, 
short  lengths  of  4  and  5  millimeter  glass  tubing  were  used. 
This  gave  a  large  wetted  surface  with  very  little  back  pres- 
sure. 

A  view  of  the  complete  apparatus  is  given  in  Figure  i. 
Figure  2  shows  the  scheme  of  operation..  A  motor  driven 
air  pump  supplies  the  air  to  the  system  either  above  or  be- 
low the  pressure  of  the  atmosphere  by.  a  simple  manipula- 
tion of  the  valves. 

The  air  then  passes  through  sulphuric  acid  drying  cham- 
bers, a  soda  lime  chamber,  and  settling  chamber  into  the  air 
meter.  This  air  meter  is  of  special  design  so  that  one  revo- 
lution of  the  pointer  indicates  one  cubic  foot.  This  meter 
is  of  the  bellows  type  and  very  satisfactory  for  the  purpose. 

After  leaving  the  air  meter  the  air  passes  through  an 
air  heater,  where  the  air  may  be  heated  if  desired.  The  air 
is  then  conducted  to  the  discharge  tube,  absorption  apparatus 
and  finally  discharged  to  the  atmosphere. 

The  power  for  this  investigation  has  been  supplied  by  a 
200,000  volt  transformer  of  about  50  Kw.  rating.  Suitable 
meters  are  connected  in  the  primary  and  secondary  circuits 
of  the  transformer. 

RESULTS 

About  120  runs  have  been  made  using  this  apparatus. 
The  time  of  the  run  in  most  cases  was  45  minutes.  Due  to 
the  large  number  of  variables,  some  of  which  are  air  pres- 
sure, air  velocity,  temperature,  humidity,  voltage  and  fre- 
quency, it  has  been  quite  difficult  to  work  out  a  plan  of  op- 
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eration  so  that  results  could  be  duplicated.    This  difficulty 
however,  has  finally  been  overcome. 
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Series  of  runs  have  been  made  at  pressures  of  460, 
560,  660,  710  and  780  millimeters.  In  each  case  the  pres- 
sure was  held  constant  and  the  air  velocity  varied.  Some 
interesting  results  have  been  obtained.  The  curves  which 
are  given  in  Fig.  3,  show  that  the  yield  per  kilowatt- 
hour  increases  as  the  velocity  increases,  and  also  as  the 
pressure  increases.  The  falling  of  the  curves  at  the  higher 
velocities  has  been  shown  to  be  due  partly  to  the  poorer 
absorption  at  these  velocities. 

The  highest  yield  shown  by  these  curves  is  9.8  grams 
per  kilowatt-hour.  This  value  is  about  %  of  that  obtained 
by  the  arc  process.    We  have,  however,  data  from  tests  not 
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yet  ready  to  be  published  which  have  shown  that  a  matefrial 
increase  in  yield  may  be  expected  from  better  absorption. 

At  certain  air  velocities  and  pressures  a  very  dense 
white  fog  is  formed  over  the  surface  of  the  absorbing 
liquid.  This  fog  has  been  collected  and  has  been  found  to 
contain  some  nitric  acid.  Thus  the  collection  of  the  fog 
becomes  a  part  of  the  process  of  absorption.  The  heavier 
fog  particles  are  collected  in  a  device  where  the  gas  turns 
a  sharp  angle  at  a  high  velocity — The  finer  traces  being  ob- 
tained by  the  use  Of  a  Cottrell  precipitator,  using  high  volt- 
age direct  current.  The  concentrations  secured  by  the 
silent  discharge  process  are  less  than  one-tenth  of  that 
found  in  the  arc  process,  but  the  absorption  is  easier  as  the 
product  is  NjOj,  not  requiring  any  further  oxidation  to  pro- 
duce the  nitric  acid. 

There  have  been  several  incidental  problems  arise  in 
connection  with  this  work,  which  will  not  be  discussed  here. 

CONCLUSIONS 

From  the  work  done  thus  far,  there  does  not  seem  to 
be  any  reason  why  the  yields  cannot  be  increased  very  con- 
siderably. 

The  yield  depends  on  pressure  and  air  velocity,  and 
increases  with  an  increase  of  each,  within  the  range  in- 
vestigated. 

The  process  would  require  in  a  commercial  plant  a 
smaller  initial  expenditure  than  that  required  by  either  the 
Haber  or  the  arc  process. 

The  maintenance  of  a  plant  operating  on  this  principle 
would  also  be  less,  as  very  little  in  the  way  of  replacements 
are  required.  The  porcelain  tube  is,  of  course,  subject  to 
break  down  but  from  the  experience  we  have  had  a  good 
tubes  should  last  several  months.  However,  no  definite  data 
on  continuous  operation  is  available  at  the  present  time. 

This  investigation  at  Purdue  began  originally  as  a 
subject  for  senior  thesis,  and  was  later  taken  over  by  the 
Engineering  Experiment  Station. 


Digitized  by 


Google 


44  Purdue  Engineering  Review 

"WHAT  SHIP,  JACK?" 

(A  story  by  which  one  might  picture  himself  taking  a  trip 
through  one  of  Uncle  Sam's  submarines  with  a  friend,  who  is  a 
member  of  the  crew.  The  adventurer  claims  that  the  inside  of  the 
submarine  is  the  most  intangible,  heterogeneous,  perplexing  and 
complicated  arrangement  of  pipe  lines,  valve  wheels,  levers,  switches, 
gages  and  fixtures  that  he  exer  expects  to  see  in  this  world  or  the 
next.) 

Written  by  an  Ex-Submarine  Gob, 

R.   A.   Whitford,   '20 

"Hello,  Jack !  Let  me  keep  my  promise  and  show 
you  through  the  Submarine  to  which  I  am  attached.  Take 
off  that  white  uniform  and  put  on  your  dungarees.  This  is 
no  place  for  dress  suits.  We  will  not  inspect  the  boat 
from  stem  to  stern. 


"Let  us  go  down  through  the  forward  hatch  into 
the  torpedo  compartment.  Steady,  and  don't  slip,  as  the 
deck  is  icy.  Forward,  where  you  see  the  four  doors,  are 
the  torpedo  tubes.  These  are  fired'  electrically.  A  charge 
of  compressed  air  gives  the  whales  their  initial  velocity. 
They  are  self  propelled  after  they  leave  the  tubes.  Below 
the  deck  under  th  tubes  is  the  forward  trim  tank.  On  the 
port  side  is  the  oil  manifold,  where  the  fuel  oil  is  taken 
in  from  the  outside.  The  motor  in  the  center  of  the  com- 
partment, operates  the  deck  anchor  and  the  submerged 
anchor.  Just  forward  you  see  the  cable  cutter  which  is 
to  cut  the  latter  away,  in  case  a  'quick  get  away'  is  neces- 
sary.   We  carry  four  extra  torpedoes,  besides  those  in  the 
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tubes.  In  those  five  tanks  below  the  deck  we  carry  dis- 
tilled water.  This  is  used  to  fill  the  batteries.  The  bot- 
tles along  the  side,  constitute  the  air  banks  which  we 
keep  charged  at  twenty-five  hundred  pounds  pressure. 

"So  you  recognize  the  odor,  do  you?  This  is  the  for- 
ward battery  compartment.  Under  the  deck  there  are 
sixty  Lead-Exide  Batteries ;  these  weigh  eleven  hundred 
pounds  each.  Between  the  batteries  and  the  hull  is  the 
forward-main-ballast  tank.  We  must  be  quiet  while  in 
here  as  the  second  officer  is  asleep  in  his  quarters.  The 
crew's  lockers  and  bunks  are  also  in  this  compartment. 
As  you  can  readily  see,  the  lockers  do  not  hold  very 
much.  This  is  the  compartment  that  was  nearly  cut 
from  the  rest  of  the  boat  when  we  were  rammed  by  a 
British  Tramp  Steamer,  which  mistook  us  for  a  Ger- 
man submarine.  Just  opposite  is  the  Gyro-Compass  and 
its  control  board.  Yes,  those  fans  are  for  ventilating  the 
batteries ;  they  draw  the  gas  from  the  battery  tank  below 
and  discharge  it  overboard  when  on  the  surface,  but  dis- 
charge it  in  the  boat  when  submerged.  You  can  imag- 
ine the  disagreeable  odor  that  fills  the  boat  after  being 
submerged  for  sixteen  or  eighteen  hours. 

"The  next  compartment  aft,  is  the  central  operating, 
known  as  the  brains  of  the  ship.  From  here  the  boat 
is  operated,  when  under  the  water.  Forward  you  see 
the  electric  and  hand  steering  gear.  Those  controllers  on 
the  port  .are  for  operating  the  main  motors.  In  the  cor- 
ner is  the  one  and  one-half  kilowatt  radio  set,  and  be- 
side it  the  control  for  the  bow  and  stern  diving  rudders. 
Above  which  are  the  forward  and  after  depth  gages. 
These  were  quite  active  one  day,  when  after  we  had  been 
fired  upon,  we  submerged  one  hundred  and  eight  feet 
without  stopping  for  passengers.  At  your  left  is  the 
air  manifold.  This  is  the  high  and  low  pressure  air 
control  for  the  entire  boat.  The  air  is  used  for  blowing 
the  tanks  for  coming  to  the  surface,  also  for  transfer!  ing 
water  from  one  tank  to  any  other  tank.  Be  careful  and 
don't  bump  your  head  on  that  periscope.  There  are  two 
periscopes  and  one  altroscope  in  this  compartment.  These 
are  raised  and  lowered  by  compressed  air.  This  com- 
partment is  also  used  by  the  officers  for  their  mess.  They 
can  eat,  keep  their  eye  on  the  periscope  and  fire  torpedoes 
at  the  same  time.  Those  levers  are  for  opening  the  sea- 
valves  and  are  called  kingstons.  This  is  the  electrically 
driven  adjusting  pump  for  the  transfer  of  water  either  for- 
ward or  aft.  Under  the  deck  where  you  see  those  pipes 
leading,  are  the  adjusting  and  auxiliary  tanks.  They  are 
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located  at  the  center  of  gravity  of  the  boat,  and  are  used 
in  making  final  adjustments  while  submerging.  The  con- 
trol panel  you  see  on  the  bulkhead,  is  for  the  oscillator, 
which  is  a  submarine  listening  and  signalling  device. 
Above  you  is  the  hatch  leading  to  the  conning-tower 
and  bridge,  where  the  boat  is  controlled,  while  cruising  on 
the  surface.  , 

"Now  we  have  come  to  the  after  battery  compart- 
ment. Under  the  deck  are  sixty  more  storage  batteries, 
which  are  a  separate  unit,  as  are  the  ones  forward.  Be- 
tween the  batteries  and  the  hull  is  the  after-main-ballast 
tank.  Here  on  the  starboard  in  the  main  switchboard, 
upon  which  is  the  main  motor  control  circuit-brakers,  for 
throwing  the  batteries  in  series  or  parallel.  All  lighting 
and  power  circuits  are  controlled  from  this  board.  The 
right-hand  panel  has  the  voltmeter  ground  detector  on  it, 
also  the  auxiliary  circuits.  Just  behind  you  is  the  ele- 
vator periscope.  By  this  apparatus,  a  person  can  be 
taken  to  the  top  deck  level  and  do  periscopic  detection, 
while  the  boat  is  submerged  at  a  depth  of  thirty  feet.  This 
compartment  is  also  used  for  the  crew's  mess,  the  galley 
and  sleeping  quarters.  The  bunks  are  folded  up,  as  you 
can  see,  in  the  day  time.  All  the  cooking  is  done  on  that 
electric  range,  and  we  have  no  trouble  in  getting  our 
chow,  unless  the  ship  is  rolling  from  forty  to  sixty  de- 
grees, which  has  actually  been  the  case  during  a  storm. 
On  the  after  bulkhead  are  two  ventilating  fans,  similar 
to  the  ones  in  the  forward  compartment.  It  has  been 
pointed  out  that  these  were  the  cause  of  a  very  serious 
battery  explosion  that  took  place  in  the  latter  palrt 
of  1918.  The  third  officer  was  killed  instantly,  the  captain 
so  badly  injured  that  he  died  three  days  later  and  the 
electrician  that  was  'standing  by'  for  me  had  both  of  his 
legs  broken  and  his  skull  fractured.  You  are  right  Jack, 
I  was  certainly  lucky,  in  that  I  was  off  of  the  boat  at 
the  time. 

"The  next  compartment  aft,  is  the  engine  room,  as 
you  can  se  at  a  glance.  Those  two  Semi-Dietsel  oil  en- 
gines are  four-hundred  and  forty  horse-power  each.  They 
rotate  in  one  direction  and  are  capable  of  driving  the  ship 
at  fifteen  and  one-half  knots  per  hour  on  the  surface.  On 
either  side,  next  to  the  hull  are  electrically  driven  pumps 
for  lubricating  oil,  fuel  oil,  and  circulating  water.  One 
set  of  pumps  for  each  engine  and  each  set  interchange- 
able. Yes,  the  oil  tanks  are  under  the  deck.  Just  forward, 
you  will  notice  on  either  side  the  main  motor  control  con- 
tact panel  boxes,  and  between  them  are  the  main  motor 
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controllers.  These  are  duplicate  to  the  ones  in  the  central 
^  operating  compartment.  Just  astern  of  the  engines  are 
the  main  clutches,  which  are  operated,  when  throwing 
the  engines  on  or  off  of  the  main  line-shaft.  Seven  men 
nearly  lost  their  lives  in  this  compartment  one  day,  when 
a  vaccum  was  created  by  the  engines,  due  to  the  air  sup- 
ply being  accidentaly  cut  off. 

"You  will  notice  that  the  line-shaft  runs  aft,  through 
the  next  compartment,  where  the  main  motors  are  located. 
The  armature  shaft  of  each  motor  is  directly  connected 
to  its  respective  main  line-shaft.  These  two  motors  ^ire 
three  hundred  and  seventy  horse-power  each,  and  are 
capable  of  driving  the  ship  at  nine  and  one-half  knots  per 
hour,  when  submerged.  They  also  may  be  run  as  genera- 
tors by  the  engines  for  charging  the  batteries.  In  the  cen- 
ter of  the  compartment  you  will  notice  two  direct  con- 
nected eonnected  electrically  driven  centrifugal  pumps, 
one  a  high  and  the  other  a  low  pressure  pump.  Just  aft  of 
these  are  the  three-stage  air  compressors,  one  connected 
to  each  line-shaft  by  means  of  a  clutch.  These  are  for 
charging  the  air-banks  that  you  saw  in  the  torpedo  com- 
partment. Yes,  those  are  the  thrust  bearings,  they  are 
between  the  main  shaft  and  the  tail  shaft.  The  lathe 
you  see,  is  used  by  the  machinists.  The  after-trim  tank 
is  located  in  the  extreme  stern. 

"There  are  many  other  parts  of  the  boat  that  I 
would  like  to  show  and  explain  to  you,  but  Uncle  Sam  re- 
quires that  his  Submarine  men  keep  these  things  confi- 
dential. 

"Yes,  it  is  just  4  o'clock  and  your  boat  'shoves  off'  at 
5 :30.  I  will  see  you  in  Cuba  this  winter.  So  long,  and  give 
the  boys  on  the  U.  S.  S.  New  Mexico  my  regards." 
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PURDUE  IN  GAS  DEFENSE  SERVICE 

H.  H.  Beatty,  '17 

Six  weeks  before  graduation  in  June,  19 17,  after  it 
was  found  impossible  to  enter  the  First  Officers'  Training 
School  at  Fort  Benjamin  Harrison,  Indiana,  the  writer  was 
employed  by  the  Aluminiun  Company  of  America  at  their 
New  Kensington,  Pa.  plant,  in  their  Laboratory  and  Re- 
search Department,  under  the  direct  supervision  of  Mr.  E. 
Blough,  Chief  Chemist.  Mr.  Blough  was  later  an  active 
member  of  the  Aircraft  Standards  Board. 

Immediately  we  were  actively  engaged  in  the  production 
of  an  aluminum  alloy  suitable  for  use  in  aircraft  construc- 
tion, and  it  was  principally  in  this  work  that  the  writer 
was  engaged  until  his  enlistment  in  the  United  States  Army 
in  December,  191 7. 

Research  work  on  various  aluminum  alloys  had  to  be 
accomplished  with  all  possible  haste,  due  to  requests  from 
the  U.  S.  Government  for  a  light  alloy  with  the  proper 
physical  properties  for  use  in  aircraft  construction  work. 
It  was  the  undersigned's  work  at  that  time  to  investigate 
as  many  light  alloys  as  possible,  and  in  the  course  of  the  en- 
suing few  weeks  many  alloys  of  aluminum  were  investigat- 
ed before  one  was  found  which  was  thought  suitable  for 
the  Government's  requirements.  These  experiments  con- 
sisted of  testing  the  alloys  under  investigation  physically 
and  chemically.  The  writer  had  charge  of  all  the  experi- 
ment work  in  the  laboratory  which  included  devising  meth- 
ods for  heat  treatment  and  physical  testing.  The  exact 
nature  of  the  work,  nor  the  composition  of  the  alloys  which 
were  investigated  before  a  suitable  alloy  was  found  is  of 
such  a  nature  that  this  information  will  have  to  be  omitted 
from  this  article. 

Following  the  choice  of  an  alloy  the  production  of 
aluminum  sheet  on  a  commercial  scale  was  the  problem 
which  had  to  be  solved  inasmuch  as  it  is  a  very  difficult 
problem  to  cold  roll  certain  of  the  aluminum  alloys  free 
from  numerous  surface  imperfections.  The  writer  was  ac- 
tive in  this  work.  As  soon  as  the  material  was  being  pro- 
duced in  sufficient  quanitities  the  construction  of  triangular 
all-aluminum  alloy  girders  was  begun.  Various  tests  on 
the  completed  girders  were  conducted  at  the  Laboratories 
and  other  finished  girders  were  sent  to  the  U.  S.  Gk)vemment 
for  final  tests.  Girders  up  to  30  feet  in  length  were  built. 
They  were  exceptionally  rigid  and  of  course  very  light  in 
weight. 
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Since  these  girders  were  to  be  used  in  the  construction 
of  aircraft  every  ounce  of  metal  making  up  the  finished 
product  was  rigidly  controlled  in  the  process  of  fabricating 
the  aluminum  alloy  sheet.  Every  step  from  remelting  the 
raw  materials,  and  making  the  raw  alloy  to  the  final  rolling 
of  the  finished  sheet  required  very  close  supervision.  The 
slightest  deviation  in  any  one  of  the  intermediate  processes 
prior  to  the  final  operation  would  be  liable  to  cause  com- 
plete rejection  of  that  run  or  lot  of  metal.  Technical  con- 
trol was  absolutely  essential  in  the  manufacture  of  this  type 
of  product. 

Besides  being  actively  engaged  in  the  production  of 
these  girders,  the  writer  had  considerable  experience  in 
plant  control  work  in  connection  with  the  manufacture  of 
the  aluminum  canteens  and  meat  pans  which  were  being 
made  for  Uncle  Sam. 

The  Gas  Defense  Service  of  the  U.  S.  Army,  which  was 
organized  but  a  few  months  prior  to  December,  1917,  is- 
sued an  ui*gent  call  for  men  at  this  time.  The  writer  en- 
listed in  December,  19 17,  and  was  stationed  in  a  Gas  De- 
fense Laboratory  in  Washington,  D.  C.  The  problems 
confronting  this  particular  division  of  the  U.  S.  Army  were 
more  closely  allied  to  the  chemists'  profession  than  to  the 
engineers'.  While  in  Washington  the  toxicity  and  composi- 
tion of  various  war  gases  were  studied,  preparatory  to  fu- 
ture work  to  be  done  on  a  much  larger  scale  at  the  Shell 
Proving  Grounds,  Lakehurst,  N.  J.  However,  after  six 
weeks  in  this  gas  defense  work,  the  writer  was  transferred 
to  the  Medical  (Physiological)  Research  Division  of  the 
Gas  Defense  Service,  stationed  in  New  York  City  under 
Dr.  Yandell  Henderson  of  Yale  University  and  Captain 
Howard  W.  Haggard,  also  of  Yale  University,  and  given 
charge  of  a  chemical  laboratory  in  which  laboratory  the 
various  blood  gases  had  to  be  analyzed.  Experiments 
were  conducted  on  live  dogs,  which  experiments  had  a  di- 
rect bearing  on  the  numerous  aviation  problems,  "shell 
shock"  and  hemorrhage.  The  investigations  which  first 
commenced  on  a  small  scale  gradually  grew  in  size  until 
it  was  found  that  larger  laboratories  were  required.  The 
detachment  was  transferred  to  New  Haven,  Connecticut, 
where  more  spacious  laboratories  were  available.  Investi- 
gations in  earnest  were  conducted  on  much  larger  propor- 
tions concerning  the  many  physiological  problems  confront- 
ing aviators  who  must  fly  to  very  high  altitudes.  A  great 
deal  of  work  was  also  carried  out  along  the  channels  of, 
the  cause,  the  effect  and  the  cure  for  shell  shock  as  applied 
to  soldiers   suffering   from  the   so-called   "shell   shocked" 
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condition.  Here  in  New  Haven,  the  writer  had  complete 
charge  of  the  chemical  laboratory  until  the  war  had  ended. 
Fortunately  this  Chemical  Warfare  Detachment  was 
scheduled  for  overseas  duty  early  in  the  spring  of  1919  and 
it  was  a  disappointed  company  when  the  news  reached  New 
Haven  that  the  armistice  had  been  signed  in  November, 
191 8.  The  detachment  was  demobilized  early  in  January 
1919  and  once  again  we  turned  to  our  civilian  work,  feeling 
at  least  we  had  done  a  part  of  "our  bit"  in  the  World  War. 


PURDUE  IN  THE  ENGINEER  CORPS 

Prof.  Albert  Smith 

More  than  any  other  profession,  Engineering  devel- 
ops in  its  practitioners  a  capacity  for  modern  war  work. 
All  of  the  machines  used  are  familiar  to  them  in  theory 
and  practice,  all  of  the  construction  is  like  that  of  their 
daily  work.  More  important  still,  the  planning  of  opera- 
tions, correlating  resources  of  labor  and  material,  is  in 
itself  so  like  the  planning  of  military  operations,  that  the 
Engineer  is  almost  a  soldier  when  he  enters  the  service. 

The  Engineer*s  qualities  make  him  valuable  in  any 
branch  of  the  service.  There  is  no  braoch,  except  per- 
haps the  theological,  from  which  it  is  easy  to  secure  trans- 
fer to  the  Engineers. 

Vast  as  the  expansion  of  the  Army  was  in  all  lines, 
the  expansion  of  the  Engineer  service  was  much  the 
greatest.  From  five  hundred  officers  to  many  thousands, 
from  a  few  battalions  to  several  hundred  thousand  men, 
the  expansion  was  so  great  that  the  existing  organiza- 
tion was  scarcely  a  pattern. 

The  Engineer  work  may  be  divided  into — 
Sapper    Service. — Combat    troops    used    in    front    line 
fortification,  roadmaking  and  bridging. 

Pioneer  Regiments. — For  Engineer  work  just  behind 
the  front  lines. 

Service  Battalions. — Engineer  labor  in  the  S.  O.  S. 

Special  Regiments. — For  railroads,  water  supply,  pow- 
er lighting,  roads,  forestry,  etc. 

The  country  depended  upon  the  existing  body  of 
practicing  engineers  in  civil  life  to  officer  these  organiza- 
tions, and  was  not  disappointed. 

About  three  hundred  Purdue  graduates  and  under- 
graduates served  in  the  Engineers.  Two  were  killed  in  ac- 
tion, four  others  died  in  the  service,  four  were  decorated, 
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and  many  were  cited  in  order  for  gallant  and  efficient  serv- 
ice. 

It  was  a  Purdue  man,  Swan,  who  was  decorated  for 
bridging,  with  his  battalion,  the  Meuse  in  the  face  of  the 
German  defense.  A  volume  could  be  filled  with  accounts 
of  the  courage  and  devotion  of  our  men  in  this  service. 

More  Purdue  men  went  into  Engineers  than  into 
any  other  branch  of  the  service.  If  we  include  also  the 
Signal  Corps  men  and  the  large  number  of  men  in  Quar- 
termaster construction,  Ordnance,  Chemical  warfare  serv- 
ice, and  naval  construction,  we  shall  include  a  large  ma- 
jority of  the  Purdue  Engineers  in  service. 

This  is  as  it  should  be.  Other  services  may  be  carried 
on  by  men  of  other  professions,  but  the  Engineer  serv- 
ice demands  Engineers,  and  must  have  them  if  it  is  to  be 
efficiently  conducted. 

The  graduate  Engineer  should  regard  himself  as  al- 
ways potentially  a  soldier,  and  at  the  Country's  call. 

One  of  the  finest  of  many  examples  I  know  of  the 
Purdue  spirit  in  the  war,  occurred  in  the  winter  of  1917. 
There  appeared  at  an  army  divisional  camp,  a  young  man 
who  asked  to  be  enlisted  in  a  sapper  regiment.  He  gave 
his  education — Purdue — his  experience — engineering  in 
Chicago — and  passed  a  good  physical  examination.  Upon 
looking  over  his  record,  it  appeared  that  he  had  lately 
given  up  a  fine  position  in  Chicago.  The  surgeon  found 
that  he  had  undergone,  at  his  own  expense,  a  severe  cor- 
rective operation  to  enable  him  to  enter.  This  man  was 
interested  in  his  work,  liked  his  issue  uniform  and  enjoy- 
ed his  food.  He  proved  to  me  that  a  man  can  look  like 
a  patriot  and  a  gentleman,  even  while  peeling  potatoes. 
It  does  not  increase  one's  admiration  for  his  attitude  and 
conduct  that  within  two  months  he  rose  from  enlisted 
man  to  first  lieutenant.  That  simply  shows  that  the  army 
boards  were  intelligent. 

There  were  many  others  like  him.  They  have  re- 
flected honor  upon  Purdue. 
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PRODUCTION  WORK  AT  NORFOLK  NAVY 
YARD 

By  Prof.  G.  H.  Shepard 

During  the  war  I  was  engaged  in  production  work  at 
the  Norfolk  Navy  Yard.  This  is  our  second  largest  Navy 
Yard  and  had  important  stragetic  relation  to  military  opera- 
tions, because  Hampton  Roads  was  a. rendezvous  for  cargo 
ships  and  transports  and  for  the  destroyers  and  cruisers 
which  convoyed  them.  The  work  of  the  Yard  was  almost 
always  repairs  on  ships,  and  was  often  of  a  critical  emer- 
gency nature. 

As  an  Industrial  Engineer,  aside  from  the  satisfaction 
of  contributing  to  the  maintenance  of  material  for  military 
operations  the  production  work  at  the  Norfolk  Navy  Yard 
was  a  very  valuable  professional  experience  in  two  ways. 

First.  The  Yard  was  almost  entirely  a  jobbing  and 
repair  plant;  very  little  of  its  work  could  be  standardized 
and  handled  by  the  methods  of  mass  production.  Notwith- 
standing this,  the  fundamental  principles  of  management 
were  found  to  apply  to  its  work;  and  while  practically  no 
methods  could  be  adopted  from  mass  production,  it  was  pos- 
sible to  analyze  the  problems  of  the  Yard  by  the  funda- 
mental principles  of  management  and  from  them  to  de- 
termine methods  which  were  suitable  to  the  situation  in 
hand. 

Second.  The  civilian  employees  of  the  Yard  were 
very  strongly  unionized,  although  the  Yard  is  an  open  shop ; 
and  the  employees  are  permitted  by  orders  of  the  Navy  De- 
partment to  have  their  Shop  Committees  and  to  deal  col- 
lectively with  the  management  in  every  grade  through  such 
committees.  Of  course  under  war  conditions  labor  trouble 
had  to  be  absolutely  avoided.  I  adopted  the  plan  of  always 
consulting  with  the  Shop  Committee  concerned  about  every 
new  step,  reaching  an  agreement  with  them  and  outlining 
the  procedure  to  be  followed.  I  worked  always  in  close 
touch  with  the  Shop  Committees.  While  they  would  not 
agree  to  everything  that  I  recommended,  we  did  reach 
agreement  continuously  to  such  an  extent  that  it  was  al- 
ways possible  to  keep  busy  on  valuable  work ;  and  this  work 
was  carried  on  without  conflict,  and  in  fact  with  the  sym- 
pathy and  cooperation  of  the  union  locals.  In  some  cases 
I  was  indebted  to  the  higher  officers  of  the  unions  for  aid  in 
persuading  the  locals  to  consent  to  my  plans. 

I  wish  to  say  that  close  contact  with  these  imion  work- 
men during  the  war  gave  me  a  very  high  respect  for  them. 
They  were  not  behind  any  class  of  the  population  in  patriot- 
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ism  and  willingness  to  sacrifice  their  own  interest  to  the  in- 
terest of  the  GK>vemment.  It  is  of  course  impossible  to  gen- 
eralize from  experience  in  one  plant ;  but,  as  far  as  data  are 
available  from  this  experience,  they  indicate  the  possibility 
of  dealing  with  union  labor  and  securing  its  cooperation 
in  increase  of  production,  on  the  same  lines  that  I  followed 
at  the  Norfolk  Navy  Yard. 
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WAR  INVENTIONS  APPLIED  TO  NATIONAL 
INDUSTRY 

J.  H.  CoLWELL,  Primary  Examiner, 
U.  S.  Patent  Office 

In  normal  times  the  Patent  Office  is,  to  a  certain  ex- 
tent, a  barometer  or  index  of  the  industrial  activities  of  the 
nation,  and  it  is  a  logical  conclusion  that  under  the  stress 
of  war  conditions  the  energies,  efforts,  and  thought  of  the 
people  would,  in  a  degree,  be  reflected  in  the  applications 
and  specifications  filed  in  the  office. 

These  inventions  and  improvements  disclose  many  va- 
rieties of  devices  and  methods  relating  directly  to  war, 
the  purely  military,  both  defensive  and  offensive,  predom- 
inating. In  addition  to  the  regularly  filed  specifications 
constituting  a  part  of  the  permanent  records  of  the  office, 
letters  and  papers  were  daily  received,  presenting  every  con- 
ceivable form  of  device,  conception  and  idea  designed  to  ac- 
complish some  desired  function  and  result,  with  requests 
for  advice  on  the  practicability  and  probable  value  to  the 
•  government,  and  also  asking  information  in  some  particular 
field,  and  how  to  get  a  plan  before  the  proper  miltiary  au- 
thorities. 

Owing  to  the  widely  distributed  and  more  or  less  in- 
accurate accounts  and  reports  published  in  the  magazines 
and  the  daily  press  on  submarine  and  U-boat  activities,  it 
was  but  natural  that  the  minds  of  many  were  directed  in 
channels  towards  devising  means  to  meet  and  combat  that 
menace. 

Hundreds  of  applications  relating  to  U-boats  were 
filed ;  some  of  them  meritorious  and  practical,  some  ordi- 
nary, and  others  crude  and  of  no  value  in  the  incomplete 
form  presented  towards  meeting  existing  conditions  from 
a  practical  standpoint.  Many  amounted  to  no  more  than 
mere  conceptions,  or  ideas,  relating  to  something  it  was 
wished  to  accomplish  without  setting  forth  or  presenting  any 
concrete  structure  or  means  for  effecting  the  solution.  Some 
of  these  latter  may  possibly  contain  valuable  suggestions 
and  hints,  but  the  exigencies  and  conditions  of  the  times 
precluded  any  extended  experimentation,  trials  or  tests  with 
such  doubtful  and  problematic  results.  Time  was  an  all 
important  factor  and  quantity  production  a  necessity. 

It  is  by  no  means  an  improbability  that  in  the  future, 
after  the  country  has  settled  to  normal  condition  and  status, 
that  certain  of  these  devices  and  suggestions,  when  subjected 
to  careful  study,  scrutiny  and  experiment  by  practical  and 
theoretical  experts  in  the  respective  lines,  may  furnish  and 
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reveal  information  to  prepare  and  blaze  the  way  to  a  prac- 
tical solution  of  some  present  problem  in  the  arts. 

It  is  a  curious  commentary  and  phase  of  human  nature 
that  novices  start  out  to  initiate  and  make  improvements 
in  mechanisms  relating  to  arts  in  which  they  have  little  or 
no  previous  information  and  knowledge,  instead  of,  as  would 
naturally  be  supposed,  directing  their  efforts  along  lines  and 
channels  in  which  they  may  be  more  or  less  familiar. 

Numerous  suggestions  have  been  submitted  relating  to 
submarine  hull  construction  with  a  view  of  strengthening 
and  increasing  capacity  and  displacement,  improving  the 
propulsion  the  steering  control  and  the  depth  regulation,  as 
well  as  devising  safety  and  escape  means  in  case  of  the  ves- 
sel being  unable  to  rise  to  the  surface.  These  latter  take 
the  form  in  many  instances  of  buoys,  which,  on  being  re- 
leased, rise  to  the  surface,  thus  serving  to  locate  a  sunken 
vessel,  supply  fresh  air,  and  furnish  communication  by 
means  of  telephone  connections  and  air  tubes  to  the  im- 
prisoned crew. 

If  in  the  future  the  submarine  were  generally  utilized 
for  water  transportation  ,or  salvage  purposes,  as  it  is  at 
present  to  some  extent,  these  devices  would  be  of  great  im- 
portance in  serving  a  most  useful  and  valuable  purpose  in  re-^ 
ducing  and  obviating  unnecessary  loss  of  life  and  waste 
of  material  wealth. 

A  large  field  for  marine  salvage  work  was  created 
by  U-boat  destructiveness  in  sinking  a  vast  amount  of  ton- 
nage, and  it  may  be  that  the  submarine  will  become  a  de- 
cided constructive  factor  in  the  recovery. 

As  a  defense  against  submarine  torpedo  attacks,  all 
sorts  of  contrivances  to  protect  ships'  hulls  have  been  sug- 
gested, and  submitted  to  the  Patent  Office.  The  most  num- 
erous in  the  early  part  of  the  war  were  in  the  nature  of 
nets  of  many  varied  constructions,  including  linked  plates, 
endless  rotating  belts  of  plating,  spars  extending  laterally 
from  the  vessels'  sides,  and  provided  with  bombs  capable  of 
being  lowered  into  the  water.  It  is  believed,  however,  that 
they  failed  to  be  of  practical  value-  Self-prorpelled  torpe- 
does have  also  been  devised  to  be  guided  from  outriggers  to 
travel  a  course  on  each  side  parallel  to  that  of  the  ship,  and 
arranged  to  be  controlled  and  exploded  therefrom  at  will  by 
means  of  electric  connections. 

Many  forms  of  so-called  iinsinkable  marine  craft  have 
been  designed,  some  taking  the  form  of  a  great  number  of 
small  compartments  provided  with  air  tanks  to  render  the 
ship  more  buoyant ;  others  in  providing  ordinary  ships' 
compartments  with  flexible  air  tight  bags  arranged  to  be  au- 
tomatically, or  otherwise  quickly  inflated  with  gas  or  air,  so 


Digitized  by 


Google 


56  Purdue  Engineering  Review 

that  water  could  be  expelled  from  a  damaged  compartment ; 
other  systems  involve  a  double  hull,  so  that  in  case  the  outer 
shell  was  damaged  by  a  torpedo  or  collision,  the  main 
hull  would  remain  intact.  It  is  understood  that  this  system 
has  been  looked  upon  with  favor  by  the  government  and 
ship  men,  and  many  of  the  suggestions  may  be  of  value  in 
the  future  to  practical  ship  builders  and  constructors. 

The  demand  for  immediate  quantity  prgductipn  in  ma- 
rine tonnage  brought  about  a  revival  in  the  long  dormant 
art  of  wooden  ship  construction.  Several  systems  have  been 
introduced  and,  with  the  aid  of  modem  mechanical  appli- 
ances, ships  of  considerable  size  were  built  in  a  compara- 
tively short  time.  A  serious  objection  encoutered  is  the 
length  of  time  required  to  properly  season  the  timber. 

Different  systems  of  iron  and  fabricated  construction 
have  been  presented,  including  assembling  and  uniting  the 
framing,  deck  beams,  and  plating  by  electric  welding  pro- 
cesses, which  in  all  probability  will  play  an  important  part 
in  the  upkeep  of  the  nation's  marine  tonnage. 

The  employment  of  reinforced  concrete  in  ship  build- 
ing, owing  to  lower  cost,  but  principally  to  the  facility  and 
rapidity  of  construction,  received  a  decided  impetus.  The 
idea  was  old,  barges  and  small  craft  having  been  built 
so  constructed,  yet,  it  had  never  been  attempted  on  a  larger 
scale  or  in  sea-going  vessels  of  large  displacement.  As  an  ex- 
ample of  the  practical  application  of  concrete  in  the  con- 
struction of  sea-going  vessels,  owing  its  existence  to  the 
exigencies  of  war  conditions,  the  5,000  ton  steamship  Faith, 
built  on  the  California  coast  in  a  period  of  a  little  over  six 
weeks  is  referred  to.  It  is  understood  that  a  number  of 
these  vessels  of  considerable  displacement,  5000  to  7500  tons, 
have  been  built  or  contemplated,  and  that  their  performance 
has  been  satisfactory,  and  a  practical  success  so  far  as  can 
be  judged  at  the  present  time.  The  various  plans  proposed  in 
this  type  of  vessel  follow  largely  the  lines  of  steel  construc- 
tion with  the  longitudinal  and  transverse  frame  members, 
bulkhead,  etc.,  constructed  of  concrete  reinforced  by  various 
methods.  This  involved  a  study  of  materials  with  a  view  of 
obtaining  light,  strong,  and  waterproof  stone.  It  has  gen- 
erally been  accomplished  by  incorporating  a  naturally  oc- 
curring light  earth,  or  a  manufactured  material  in  the  mix- 
ture, either  in  a  finely  divided  form,  or  as  large  particles 
constituting  an  aggregate  for  the  concrete. 

It  may  be  that  tne  designs  submitted,  efforts  upended, 
and  the  large  amount  of  information  furnished  in  the  pat- 
ents granted  have  paved  the  way  for  a  formidable  rival  of 
the  steel  ship,  due  to  the  relative  cheapness,  and  the  time 
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saving  factor  in  the  construction  of  concrete  ships,  which  is 
considerable.  About  one-eighth  to  one-tenth  of  the  labor, 
and  that  mostly  unskilled,  is  required  in  building  such  a  ves- 
sel, as  compared  with  a  steel  vessel  of  equal  tonnage. 

The  importance  and  the  application  of  heavier  than  air 
craft  to  military  purposes  is  obvious  and  self  evident. 

The  attention  of  the  country  immediately  centered  on 
this  new  form  of  vehicle,  and  it  was  natural  that  the  minds 
of  experts  and  inventors  were  directed  to  improvements 
in  and  devising  new  forms  or  aeroplanes,  as  well  as  to 
ntunerous  related  auxiliary  devices,  with  the  result  that  the 
Patent  Office  was  flooded  with  applications  bearing  on  aero- 
nautical devices. 

There  is  believed  to  be  no  exageration  in  asserting  that 
the  advance  in  the  development  of  heavier  than  air  craft 
made  during  the  past  five  years  would  have  taken  from  fif- 
teen to  twenty  years  under  normal  circumstances.  "Neces- 
sity is  the  mother  of  invention." 

In  so  far  as  the  development  of  a  practical  machine  is 
reflected  in  the  Patent  Office,  no  new  principle  or  mode 
of  air  sustained  flight  appears  to  have  been  evolved.  The 
aeroplane  of  the  present  day  is  based  on  the  same  principle 
and  involves  the  general  structure  is  first  employed  by  the 
Wright  Brothers  in  their  successful  air  flight  in  the  first 
decade  of  this  century.  Notwithstanding  this,  however, 
there  is  a  wide  gap  between  the  air  craft  of  today  and  that 
of  1 914  as  regards  the  general  efficiency,  inherent  stability, 
carrying  capacity,  motive  power,  controls,  radius  of  action, 
as  well  as  in  various  accessories,  including  instructional  and 
training  devices. 

The  improvements  show  a  general  tendency  to  widen 
the  range  of  use  by  anticipating  larger  load  carrying  ca- 
pacity, nece3sitating  increased  engine  power,  and  improved 
motor  construction.  Different  types  of  modern  planes  are 
now  equipped  with  engines  ranging  up  to  over  1200  H.  P., 
including  multiple  engine  units  with  reserve  power. 

There  is  no  reason  to  suppose  that  the  limit  has  been 
reached,  but  on  the  contrary,  that  air  navigation  is  still  in 
its  infancy. 

Increased  power  calls  for  increased  strength  in  frame 
construction  without  too  great  a  sacrifice  of  lightness,  as 
weight  is  a  vital  factor.  This  brought  to  the  fore  forms  of 
bracing,  struts,  and  trussed  wing  beams.  To  overcome 
excessive  wind  resistance  of  exposed  parts,  which  causes  a 
useless  waste  of  power  and  speed,  attention  was  turned  to 
fairing  and  stream  lining  all  such  parts,  as  struts,  spars, 
engine  housings,  fuel  tanks,  and  radiator  casings,  as  well  as 
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landing  carriage  frames.  As  at  high  speeds  comparatively 
small  areas  exert  by  their  wind  resistance  a  greater  relative 
detrimental  influence,  it  is  even  suggested  to  stream  line  the 
guy  and  brace  wires. 

To  secure  increased  strength  with  the  necessary  light- 
ness, resort  is  had  to  hollow  metal  tubing,  but  more  gen- 
erally to  various  forms  of  laminated  wood  framing,  as 
embodied  in  struts,  wing  beams  and  ribs,  as  well  as  the 
fuselage  and  pilot's  car  itself.  With  methods  devised  and 
means  of  uniting  and  arranging  the  grain  of  wood  laminae, 
it  is  possible  to  construct  a  wing  rib  lighter  than  one  of  steel 
of  the  same  strength.  Various  matreials,  as  aluminum  and 
other  metals  and  compressed  and  treated  fibrous  structure 
are  constantly  being  devised,  as  substitutes  for  linen  in  the 
supporting  wings  and  also  various  substances  and  compo- 
sitions commonly  termed  "dope,"  for  treating  the  wing 
surfaces. 

The  hulls  and  pontoons  of  hydro-aeroplanes  and  flying 
boats  are  constantly  being  icreased  in  size  and  strengthened 
to  make  them  more  sea-worthy  in  withstanding  rough  water, 
and  the  shock  of  alighting  thereon.  This  has  led  to  the  crea- 
tion of  what  might  be  considered  a  distinct  branch  in  marine 
ship  building,  to  some  extent  following  the  lines  of  the  ear- 
lier hydroplane  or  speed  boat.  Increased  strength  necessitates 
the  introduction  of  longitudinal  and  transverse  hull  framing, 
providing  bulkheads  for  ballast  and  other  compartments 
analogous  to  that  in  ship  building  with  variations  to  resist 
special  strains  resulting  from  the  peculiar  demands- 

A  system  of  aeroplane  construction  which  is  being 
developed  and  particularly  adapted  to  large  craft,  appears 
on  its  face,  not  only  interesting,  but  plausible  and  practical, 
provided  the  location  of  the  weight  is  not  detrimental. 
Broadly  stated,  the  system  comprises  a  hollow  plane  merged 
into  the  fuselage  so  that  the  large  trussed  wing  spars,  the 
engine  housings  and  fuel  tanks,  as  well  as  the  pilot,  are 
enclosed  within  the  lifting  surface  itself.  The  centre  of  the 
plane  between  the  upper  and  lower  walls  is  deep,  while  the 
wings  taper  to  small  depths  toward  the  tips.  The  entire 
machine,  including  the  pilot's  car,  is  practically  a  part  of  the 
lifting  surface,  thereby  necessitating  comparatively  few 
external  wind  resisting  parts. 

Among  other  devices  which  are  being  continually 
received  are  detaching  means  for  icadily  releasing  bombs, 
mail  bags  and  other  aritcles,  steering  devices  and  automatic 
controls,  wind  pressure  vanes  for  automatically  regulating 
the  speed,  maintaining  a  constant  angle  of  incidence  and  pre- 
venting   machine    being    pointed    dangerously    upward  to 
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exceed  the  critical  angle  and  thus  cause  stalling,  with  a 
resulting  fatal  tail  spin. 

Knock-down  aeroplanes  for  ready  transportation  and 
assembling,  telephone  and  telegraph  accessories,  and  wind 
fans  or  mills  for  driving  electric  generators,  and  air  and  fuel 
pumps  have  received  considerable  attention. 

The  merits  of  a  heavier  than  air  craft  capable  of  hover- 
ing in  the  air,  or  stopping  in  flight,  and  also  of  descending 
and  rising  vertically  have  been  fully  appreciated  both  for 
military  and  other  purposes.  The  advantages  of  such  a 
machine  are  obvious;  among  them  is  the  necessity  of  only 
a  limited  or  small  area  or  ground  space  for  landing  and 
launching.  Numbers  of  machines  designed  to  possess  these 
qualifications  have  appeared,  the  most  common  type  being 
the  helicopter  or  horizontally  rotating  screw  propeller  for 
exerting  vertical  thrust.  Some  of  these  have  no  lifting 
plane,  relying  solely  on  the  helicopter  thrust,  while  others 
propose  to  use  the  helicopter  in  conjunction  with  the  ordi- 
nary aeroplane  and  so  to  arrange  the  power  transmission 
that  the  tractor  or  pusher  propellers  can  be  cut  out  and 
power  applied  to  the  helicopter,  or  both  operated  simul- 
taneously. 

Although  it  appears  that,  as  yet,  no  practical  and  suc- 
cessful machine  of  the  above  type  has  been  evolved,  it  is 
by  no  means  improbable  that  this  problem  will  be  solved  in 
the  near  future,  in  view  of  what  has  been  accomplished  and 
the  great  strides  in  development  along  these  lines  by  keen- 
minded  men  of  mechanical  experience. 

In  view  of  the  constantly  increasing  altitudes  being 
reached  in  air  navigation,  numerous  systems  are  being 
developed  for  obviating  the  ill  effects  of  the  highly  rarefied 
atmosphere,  both  on  the  pilot  and  in  the  functioning  of  the 
motor.  These  comprise  various  arangements  for  compress- 
ing air,  including  wind  fans,  or  motors  otherwise  operated. 
Some  utilize  the  exhaust  of  the  main  engines  for  driving  a 
turbo-compresser.  By  this  means,  a  constant  supply  of  air 
at  uniform  pressure  is  received,  which  is  automatically 
regulated  in  accordance  with  elevation. 

In  hydraulic  and  fluid  pressure  apparatus,  the  general 
trend  during  the  past  three  years  appears  in  details  of  inven- 
tion in  previously  known  types. 

Hydraulic  motors  in  variable  power  forging  presses 
have  been  designed  and  improved  to  secure  more  complete 
control  of  high  and  low  pressures,  economy  of  high  pressure 
fluid,  and  simplicity  of  the  valve  mechanism  employed  for 
those  purposes. 
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In  fluid  motors  for  hydraulic  turbines,  an  improvement 
of  more  original  character,  which  is  believed  to  have  con- 
siderable importance,  consists  in  so  arranging  the  draft  tube 
through  which  the  water  discharged  from  the  turbine  flows 
to  the  tail  race  that  a  large  part  of  the  energy  usually 
remaining  in  that  water  is  regained  by  means  of  a  suction 
effect  upon  the  water  which  is  passing  through  the  turbine. 
By  the  use  of  this  improvement,  natural  low  heads,  which 
would  not  be  otherwise  profitable,  can  be  made  available; 
but  its  utility  is  not  confined  to  such  cases. 

In  steam  turbines  of  general  application,  the  type  hav- 
ing reversly  rotating  disks  carrying  blades  in  position  to 
revolve  in  adjacent  circles  in  a  space  through  which  the 
steam  flows  radially  from  centre  to  periphery  has  been  par- 
ticularly developed. 

In  elastic  fluid  turbines,  especially  intended  for  aero- 
planes, certain  inventions  which  utilize  the  gas,  that  may 
be  derived  from  a  fuel  burned  in,  and  exhausted  from,  the 
main  motor  to  drive  an  auxiliary  mechanism,  such  as  a  fan 
to  cool  the  motor,  are  igenious  and  of  practical  value.  In 
some  instances,  the  main  motor  is  fed  with  fuel  at  a  rate 
to  correspond  with  the  elevation  of  the  aeroplane. 

To  fluid  current  motors,  including  impellers  for  driving 
vehicles,  among  others  aeroplanes,  inventors  have  been  and 
are  paying  considerable  attention.  Special  efforts  have  been 
directed  to  the  form,  material  and  mode  of  construction  of 
the  blades  of  screw  impellers. 

In  air  and  gas  pumps,  recent  activity  has  been  toward 
the  automatic  control  of  high  duty  compressors.  Particular 
points  which  may  be  mentioned  are  devices  for  speed  gov- 
erning electric  motors,  driving  compressors,  and  the 
improvement  of  thin  elastic  metal  valves  and  co-operating 
parts  for  scuh  service. 

A  pioneer  improvement  of  seeming  high  merit  and  real 
practical  value  within  its  field  has  been  developed  for  pro- 
ducing very  high  vacuum  by  means  of  a  jet  of  vapor,  say 
vapor  of  mercury,  the  characteristic  function  in  which  is  the 
prevention  of  any  flow  of  molecules  of  vapor  toward  the 
space  to  be  evacuated. 

In  pumps,  special  attention  has  been  directed  to 
improvements  in  the  valve  mechanism  for  controlling  the 
flow  of  actuating  fluid  in  pumps  for  drilled  wells  of  the  type 
wherein  compressed  air  acts  directly  upon  the  liquid  to  be 
pumped,  and  to  improvements  in  associated  devices  for  auto- 
matically controlling  the  action  of  such  pumps. 

In  the  art  of  photography,  there  has  been  a  marked 
development,  including  cameras  especially  adapted  for  tak- 
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ing  photographs  from  air  craft,  and  in  methods  of  utilizing 
such  photographs  in  map  making  and  surveying ;  meter  read- 
ing cameras  for  making  photographic  records  of  the  readings 
of  gas,  electric  and  other  meters ;  color  photography,  includ- 
ing photo-mechanical  color  reproduction  processes ;  printing 
machines  for  printing  photographs,  and  especially  for  print- 
ing moving  picture  positive  films  from  moving  picture  nega- 
tives ;  and  range  focusing  cameras,  consisting  of  range  find- 
ing devices  interconnected  with  the  focusing  mechanism  to 
facilitate  focusing. 

In  metallurgy  and  metal  treatment,  the  trend  of  activity 
has  been  to  reproduction  of  new  alloys  and  the  treatment 
of  steel  compositions  to  enhance  various  chemical  and 
physical  properties.  Among  the  various  metal  compositions, 
alloy  steels  are  most  numerous,  and  the  number  of  applica- 
tions involving  the  employment  in  alloys  of  rare  and  refrac- 
tory metals  have  been  steadily  increasing.  Heat  treatment 
of  iron  and  steel  materials  is  an  art  which  seems  to  be  devel- 
oping and  apparently  becoming  of  great  importance. 

The  art  of  electric  welding  is  constantly  advancing  and 
the  developments  of  the  past  few  years  have  apparemtly 
been  so  important  that  the  art  may  be  almost  designated  as 
"new  art."  In  the  electric  furnace  art,  both  apparatus  and 
processes  have  received  great  attention,  and  the  applications 
of  the  electric  furnace  to  steel  making  and  alloy  manufacture 
comprise  an  important  part  of  this  activity. 

Numerous  applications  have  been  filed  for  patents  on 
gas  masks  and  many  of  the  improvements  made  therein  are 
applicable  for  use  in  mines  and  other  places  where  poison- 
ous and  noxious  gases  are  likely  to  be  found. 

Of  most  significance  in  the  chemical  arts,  the  following 
have  seen  the  greatest  activity  and  offer  promise  in  their 
application  to  normal  peace  industries : 

Chlorination  and  nitration  processes  of  organic  sub- 
stances in  the  preparation  of  nitro-  and  chlor-  derivatives 
of  value  not  only  in  explosives,  but  also  in  dye  manufacture ; 
such  chlorinated  and  nitrated  products  find  extended  use  as 
solvents  and  as  starting  points  in  organic  syntheses.  The 
need  of  organic  solvents,  etc.,  such  as  alcohol,  acetone,  etc., 
has  given  added  impetus  to  the  production  of  these  materials 
by  fermentation  and  saponification,  the  latter  process  often 
accompanying  an  initial  chlorination  step,  further,  catalytic 
oxidation  has  been  applied  to  these  various  materials  to 
produce  valuable  substances  such  as  ketones  and  organic 
acids,  the  development  being  both  in  the  method  of  treat- 
ment and  the  materials  treated. 
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The  manufacture  of  nitrogen  compounds  by  fixation  of 
atmospheric  nitrogen  became  of  the  most  vital  importance 
during  the  war,  and  many  processes  were  devised  both  for 
the  production  of  intermediate  nitrogen  compounds  in  this 
way  and  for  their  conversion  into  explosives-  During  the 
past  year,  a  large  number  of  patents  have  appeared,  many 
of  which  were  withheld  from  publication  while  the  war  was 
in  progress,  dealing  with  various  phases  of  this  subject. 
Although  the  need  for  vast  quantities  of  explosives  has 
passed,  nitrogen  compounds  are  as  necessary  for  soils  as 
for  shells,  and  it  appears  that  many  of  the  fixation  processes 
may  be  economically  applied  to  the  production  of  fertilizers. 
Perhaps  the  process  which  furnishes  the  largest  amount  of 
atmospheric  nitrogen  in  fixed  and  available  form  is  the 
cyanamid  process.  This  consists  in  brief  in  fusing  a  mix- 
ture of  lime  and  carbon  in  an  electric  furnace  to  form  cal- 
cium carbid,  treating  the  carbid  with  nitrogen  to  form  cal- 
cium cyanamid,  and  subjecting  this  to  the  action  of  water 
at  high  temperature  and  under  pressure  to  free  ammonia. 
The  ammonia  so  obtained  is  oxidized  by  passing  it  with  air 
over  a  catalytic  substance  producing  nitrogen  oxids.  These 
yield  nitric  acid  by  absorption  in  water. 

Ammonia  and  nitric  acid  are  similarly  produced  from 
cyamids,  nitrids  and  other  salts  containing  fixed  atmospheric 
nitrogen.  A  number  of  patents  have  also  been  recently 
issued  relating  to  the  direct  synthesis  of  nitrogen  and  hydro- 
gen to  form  ammonia.  Ammonia  produced  in  these  ways 
may  be  neutralized  with  sulfuric  acid,  yielding  ammonium 
sulfate,  one  of  the  most  valuable  fertilizers.  Where  nitric 
acid  is  produced  by  oxidation  of  ammonia,  it  may  be  con- 
verted into  useful  agricultural  form  by  treatment  with  lime 
or  other  basic  subsances  to  form  nitrates.  It  is  asserted  that 
on  a  large  scale  of  production,  fertilizers  so  produced  can 
compete  in  price  with  sodium  nitrate  from  the  Chile  nitrate 
beds,  the  former  principal  source  of  supply.  The  only  other 
important  source  of  nitrogen  products,  aside  from  the  fixa- 
tion of  atmospheric  nitrogen  and  the  Chile  supply,  is  the 
recovery  of  ammonia  from  the  distillation  gases  of  coal.  In 
this  country,  a  large  number  of  coke  ovens  are  not  provid- 
ed with  recovery  works.  This  waste  is  gradually  being 
eliminated,  however,  and  a  number  of  recent  patents  cover 
improvements  in  the  technique  of  recovering  ammonia 
from  coal  gases  as  ammonium  sulfate. 

In  the  manufacture  of  refractories  for  steel  furnaces 
and  the  like,  magnesite  and  dolomitic  limestone  have  been 
used  in  an  attempt  to  make  refractories  equal  to  those  for- 
merly made  from  the  Austrian  magnesite.     A  study  of  the 
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proper  relations  of  flux  to  the  refractory  has  developed  im- 
provements over  the  prior  art. 

In  devising  compositions  for  special  glasses  and  lenses 
to  be  used  for  transmitting  and  absorbing  various  kinds  of 
light  rays,  especially  the  ultra-violet  and  infra-red,  metals 
hitherto  not  used  in  this  art  have  been  dissolved  in  the  glass 
batches,  either  in  elemental  or  combined  condition. 

The  recovery  of  potash  from  feld-spar  by  fusion  or 
learching  and  from  flue  dust  from  cement  kilns  by  electrical 
precipitation  or  absorption,  has  been  seriously  studied  by 
chemists  since  the  shutting  off  of  the  German  potash  fields. 

Activity  in  the  art  of  fire  extinguishing  compositions 
has  been  largely  in  the  field  of  organic  extinguishing  liquids. 
The  problem  in  both  organic  and  inorganic  chemical  prepa- 
rations has  been  to  obtain  liquids  of  very  low  freezing  points, 
while  retaining  extinguishing  properties  of  the  highest  de- 
gree. The  halogen  substitution  products  of  certain  hydro- 
carbons are  uninflammable  and  have  been  known  for  sev- 
eral years  to  be  good  fire  extinguishers,  the  most  common 
and  least  expensive  being  carbon  tetrachloride,  but  this 
freezes  at  -3°F.  Several  organic  compounds,  both  solid 
and  liqujd,  have  been  patented  in  combination  with  carbon 
tetrachloride  for  the  purpose  of  lowering  the  freezing  point. 
Another  important  direction,  although  less  extensively  fol- 
lowed, has  been  toward  improvement  of  foam  producing 
methods,  combined  and  coacting  with  extinguishing  liquids. 

In  the  art  of  fireproofing  materials,  cloth  has  been  the 
special  material  to  which  attention  has  been  directed.  Coat- 
ings for  aeroplane  wings,  having  a  cellulose  ester  base  and 
fireproofing  ingredients  have  been  recently  patented. 

Improvements  have  been  made  in  processes  for  preci- 
pitating exchange  silicates  or  filter  masses,  which  soften 
water  by  double  decomposition  reactions.  The  aim  has 
been  to  obtain  silicates  having  good  physical  characteristics 
such  as  subdivision  and  hardness,  as  well  as  chemical  effici- 
ency. 

In  .varnish  making,  cumarone  and  indent  resins,  found 
in  solvent  naphtha  (i65°-i75°C.)  are  polymerized  by  acid, 
heat,  or  dehydrating  treatment,  producing  resinous  sub- 
stances soluble  in  certain  organic  solvents. 

Considerable  attention  has  been  directed  to  devices 
and  systems  used  in  the  industries  for  purifying  water  and 
separating  by-products,  many  being  utilized  in  mining  and 
metallurgy. 

In  the  electric  art,  in  some  lines  tremendous  advance  has 
been  made  during  the  past  three  years.  One  aspect  is  es- 
pecially noteworthy,  viz.,  the  rapid  breaking  down  of  the 
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line  between  the  three  arts  of  telegraphy,  telephony  and 
radio  communication,  and  the  development  of  a  signaling 
are  common  to  the  three,  making  use  of  elements  heretofore 
generally  regarded  as  more  or  less  characteristic  of  one  or 
the  other  of  these  arts. 

In  the  radio  art,  specifically  regarded,  improvements 
have  been  made  along  several  lines.  The  antenna  element 
and  the  concept  of  its  mode  of  functioning  have  been  stud- 
ied, and  especial  attention  given  to  large  aerial  constructions 
and  to  the  more  extended  use  of  the  loop  form.  In  connec- 
tion with  the  latter,  particularly,  underground  and  under- 
water radio  systems  have  been  developed  and  systems  for 
signaling  to  submarines.  The  important  question  of  static 
and  other  interference  has  produced  much  activity,  giving 
rise  to  applications  of  the  loop  antenna  and  to  various  spe- 
cial arrangements  of  extended  aerials,  and  changes  both  in 
receivers  and  transmitters.  The  small  loop  or  coil  has  been 
found  usefuHin  further  development  in  directive  transmis- 
sion, and  in  the  aeroplane  radio  compass. 

In  the  case  of  so-called  high  power  stations,  i.  e.,  of  the 
Poulson  arc  type,  the  controller  has  been  greatly  improved, 
and  considerable  use  has  been  made  of  audio-frequency  in 
telegraphy,  telephony  and  radio  torpedo  control  at  short  dis- 
tances. 

Vacuum  tube  generators  and  amplitude  control,  or 
"modulation,"  of  the  generated  oscillations  have  been  con- 
stantly improved;  and  their  easy  adaptation  to  wire  tele- 
phony or  to  composited  systems  has  opened  up  a  large  field 
of  improvement,  especially  in  long  distance  multiplex  tele- 
phony, so  that  now  what  was  once  a  single  communication 
line,  telegraph  or  telephone,  is  one  providing  several  "chan- 
nels" for  simultaneous  communication. 

This  has  naturally  led  to  many  improvements  in  bal- 
ancing networks,  including  filters,  loading  coils,  etc.,  and 
in  the  amplifier  or  relay  elements.  This  last  feature  has  been 
attended  by  a  great  development  in  the  so-called  vacuum 
tube  relay  and  the  repeaters,  of  which  it  generally  forms  a 
part.  Balancing  means  are  automatically  selected  and  con- 
nected in  repeater  systems  and  for  use  in  composite  and 
phantom  circuits.  Multi-stage  amplifiers  are  now  practic- 
able. Developments  in  the  vacuum  tube  have  been  along 
the  lines  of  electrode  arrangement  and  composition  involv- 
ing the  new  use  of  many  rare  metals,  and  salts  of  various 
gas  contents  involving  rare  gases,  of  the  cooling  of  the 
tubes,  and  of  circuit  connections  therewith. 

In  telephony,  strictly  regarded,  the  tremendous  advance 
of  automatic  development  has  continued,  many  improve- 
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ments  being  directed  toward  greater  applicability  of  auto- 
matic switching,  this  automatic  type  being  made  to  furnish 
all  the  service  of  a  manual  system.  Much  attention  has 
been  given  the  private  automatic  exchange,  also  to  simplex 
and  phantom  adaptations,  and  refinement  and  variation  in 
switch  structure  itself. 

It  is  firmly  believed  that  this  vast  store  of  more  or  less 
valuable  information  and  knowledge  called  into  existence  un- 
der stress  of  war  conditions  can  and  will  have  an  important 
bearing  on  the  great  constructive  work  now  confronting  the 
nation  and  exert  a  stimulating  influence  on  the  peaceful 
arts. 
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SCHOOL  OF  CHEMICAL  ENGINEERING 

This  school  still  continues  to  grow  and  has  outstripped 
its  present  facilities. 

Additional  training  in  Physical  Metallurgy  is  being 
oflfered  to  specially  chosen  members  of  the  senior  class.  It 
is  expected  to  expand  this  important  line  of  work  as  facili- 
ties permit. 

The  Chemistry  Department  has  been  strengthened  by 
the  addition  of  Dr.  M.  G.  Mellon,  in  Quantitative  Analysis. 

Research  work  is  in  progress  on : — The  study  of  chem- 
ical reaction  in  the  high  frequency  corona,  especially  the 
formation  of  ozone  and  nitric  acid  from  air. 

The  study  of  chemical  reactions  in  direct  current 
corona,  especially  the  laws  governing  the  formation  of 
ozone  from  oxygen,  under  carefully  regulated  conditions. 
This  has  a  very  important  bearing  on  the  question  of  making 
ozone  more  efficiently. 

The  study  of  the  role  of  ultra-violet  light  in  the  chem- 
ical reactions  of  the  corona  with  the  aid  of  a  large  apectro- 
scope. 

The  action  of  ozone  on  the  bad  odors  that  may  occur 
for  ventilation  purposed.  With  the  use  of  ozone  it  is  pos- 
sible to  recirculate  the  air  instead  of  discarding  it  with 
great  saving  in  coal. 

The  efficiency  of  the  oxidation  of  carbon  monoxide  in 
the  silent  discharge  will  shortly  be  published. 

Slag  inclusions  in  iron  and  steel. 

Technical  development  of  a  commercial  process. 
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SCHOOL  OF  CIVIL  ENGINEERING 

The  School  of  Civil  Engineering  resumed  its  normal 
operation  in  September  with  Professors  Smith,  Knapp  and 
Martin  returned  from  service  with  the  United  States 
Army. 

February  1st,  Professor  Martin,  in  charge  of  High- 
way Engineering,  resigned  to  take  a  position  with  the 
Barrett  Company,  and  the  instruction  of  Highway  Engi- 
neering was  put  in  charge  of  Professor  Albright. 

Messrs.  J.  F.  Parmer,  C.  E.,  '16,  and  L.  R.  Croy,  C.  E., 
'17,  were  appointed  instructors  in  Civil  Engineering. 

Professor  Hatt  returned  after  a  six  months'  absence, 
during  which  time  he  was  partly  in  the  service  of  the 
Committee  on  Education  and  Special  Training  of  the  War 
Department. 

Professor  H.  J.  Kesner  of  the  Structural  Department 
was  employed  during  the  summer  of  1919  in  developing 
standards  and  specifications  of  bridge  design  for  the  Indi- 
ana State  Highway  Commission. 

Professor  Wiley  was  in  charge  of  the  design  of  sewer 
disposal  plant  for  the  city  of  Detroit  during  the  summer  of 
1919.  He  has  prepared  a  bulletin  for  the  Engineering 
Experiment  Station  on  "Sewage  Disposal  for  Small 
Towns  and  Farm  Communities.'* 

TOPOGRAPHICAL    DEPARTMENT 

The  summer  cartip  was  held  at  Pentwater,  Mich.,  for 
six  weeks  in  1919.  In  1920  the  camp  will  be  located  at 
Glen  Lake,  Mich.,  where  about  one  hundred  sophomores 
will  be  in  charge  of  Professors  Hatt,  Lommel,  Knapp. 
Glen  Lake  is  about  100  miles  north  of  Pentwater  and 
offers  excellent  facilities  for  varied  topography,  and  the 
camp  site  will  be  removed  from  the  attractions  of  a 
small  town.  The  camp  has  been  lengthened  to  eight 
weeks  to  provide  for  the  instruction  in  Higher  Surveying, 
which  has  been  omitted  from  the  junior  year  in  order  to 
provide  for  increased  instruction  in  Highway  Engineer- 
ing. 

An  exchange  of  old  instruments  has  been  effected  so 
that  the  surveying  equipment  in  the  School  now  contains 
mainly  modern  equipment. 

This  year  Topographical  Military  Surveying  has  been 
taught  to  all  sophomores  of  the  University  under  the  di- 
rection of  Professor  Knapp,  who  had  wide  experience  in 
this  work  while  in  the  service  in  France. 
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HIGHWAY  EKGINEESING 

The  sixth  annual  Road  SchcK>l  was  held  in  coopera- 
tion with  the  Highway  Superintendents'  Association, 
County  Surveyors'  Association  and  State  Highway  Com- 
mission on  January  27, 28  and  29.  The  attendance,  which 
was  the  largest  in  the  history  of  the  Road  School,  reached 
a  total  of  242.  Officials  from  58  counties  were  present. 
The  County  Highway  Superintendents'  Association 
voted  to  hold  its  future  meetings  at  Purdue  University. 

The  School  now  oflFers  continuous  instruction  for 
two  years  in  Highway  Engineering,  beginning  with  the 
first  semester  of  the  junior  year. 

HYDftAUUC    LABORATCHtY 

Research  on  the  discharge  of  sewage-sprinkler  noz- 
zles has  been  completed  and  published  in  a  bulletin  of 
the  Engineering  Experiment  Station.  A  very  promising 
research  in  the  co-efficients  of  discharge  of  parabolic  weirs 
is  under  way. 

Equipment  has  been  added  as  follows : 

One  Price  Current  Meter  with  complete  auxiliary  ap- 
paratus. 

One  300  GPM  centrifugal  pump  to  operate  against  a 
total  head  of  50  pounds  per  square  inch. 

The  Engineering  Experiment  Station  has  provided 
a  permanent  research  assistant  for  the  Hydraulic  Labora- 
tory. 

LABORATORY   FOR  TESTING   MATERIALS 

The  long  series  of  experiments  on  the  concrete  mak- 
ing properties  of  Indiana  sands  and  gravels  for  the  In- 
diana Sand  and  Gravel  Producers'  Association  was  com- 
pleted this  year,  and  the  report  is  now  being  prepared. 

Progress  is  being  made  upon  the  survey  of  road  ma- 
terials in  the  State  of  Indiana.  This  will  be  of  great  value 
to  the  State  Highway  Commission  and  Contractors  of 
the  State  looking  for  supplies  of  available  materials. 

Standard  tests  of  materials  have  also  been  made  for 
the  Indiana  Highway  Commission  upon  materials  in- 
tended for  use  in  government  roads. 

Research  is  underway  upon  standard  tests  for  the 
abrasive  resistance  of  gravels  and  for  the  standardization 
of  a  testing  machine,  which  will  subject  concretes  to  a 
test  for  wearing  qualities.  From  this  latter  research  it  is 
expected  that  specifications  may  be  drawn  to  control  the 
use  of  aggregates  in  concrete  for  roads. 
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The  plans  for  the  large  two  million  pounds  testing 
machine  are  now  complete  and  it  is  hoped  that  they 
will  be  sent  out  for  bids  in  the  next  few  weeks. 

The  floor  plans  have  been  completed  and  tentative 
drawings  made  for  a  new  testing  laboratory,  which  is  ex- 
pected to  be  erected  in  the  rear  of  the  Civil  Engineering 
Building  whenever  the  conditions  of  the  building  indus- 
try will  permit  a  reasonably  economic  construction. 

Apparatus  for  testing  bituminous  materials  has  been 
added  to  the  Testing  Laboratory  which  is  now  in  direct 
charge  of  Mr.  R.  B.  Crepps. 

GENERAL 

The  School  of  Civil  Engineering  has  been  conducting 
a  survey  of  the  occupations  and  salaries  of  the  Alumni 
of  the  School  with  a  view  to  occupational  guidance  and 
fitting  the  curriculum  to  the  modem  activities  of  engineer- 
ing. The  survey  permits  a  determination  of  the  most 
promising  fields  of  enginering  practice.  A  card  catalogue 
is  being  built  up  which  will  permit  the  intelligent  recom- 
mendation for  outstanding  men  for  exceptional  opportuni- 
ties. The  School  notes  with  satisfaction  the  increasing 
number  of  Alumni  who  are  being  advanced  to  executive 
and  administrative  positions  with  large  compensations. 
The  curriculum  in  the  past  several  years  has  been  modi- 
fied so  as  to  permit  a  broader  training  without  the  sacri- 
fice of  thoroughness  in  technique. 


SCHOOL  OF  ELECTRICAL  ENGINEERING 

Research. — Research  in  connection  with  the  fixation  of 
atmospheric  nitrogen  has  been  carried  on  continuously  for 
three  years  in  the  School  of  Electrical  Engineering.  During 
the  past  year,  this  work  has  been  done  under  the  auspices 
of  the  Engineering  Experiment  Station,  although  several 
members  of  the  staff  of  the  School  of  Electrical  Engineering 
have  been  interested  and  active  in  the  work.  Dr.  Anderegg 
of  the  Department  of  Chemistry  has  also  been  of  great 
assistance.  The  first  progress  report  upon  this  research 
problem  was  presented  by  Professor  C.  Francis  Harding 
and  Mr.  K.  B.  McEachron  at  the  Boston  meeting  of  the 
American  Institute  of  Electrical  Engineers  and  the  Ameri- 
can Electro-Chemical  Society,  held  on  April  9th,  and  was 
published  in  the  April  Journal  of  the  A.  I.  E.  E. 

Mr.  H.  C.  Thuerk,  a  graduate  student,  has  done  some 
very  valuable  research  work  upon  the  affect  of  power  factor 
and  load  factor  upon  central  station  rates.  An  abstract  of 
this  work  appeared  in  the  Electrical  World,  February  21st, 
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and  has  also  been  discussed  with  much  interest  by  central 
station  managers  in  meetings  of  the  Worcester,  Mass.,  and 
LaFayette-Indianapolis  Sections  of  fthe  A.  I.  E.  E. 

Mr.  C.  W.  Piper  has  completed  a  set  of  very  compre- 
hensive tests  on  electric  and  gas  ranges  which  has  been 
published  as  a  bulletin  of  the  Engineering  Experiment  Sta- 
tion. 

Prof.  D.  D.  Ewing  and  Mr.  G.  C.  Blalock  have  com- 
pleted an  investigation  upon  electric  pumping  systems  for 
municipal  water*  power  plants,  the  results  of  which  will  be 
published  in  a  circular  of  the  Engineering  Experiment  Sta- 
tion in  the  near  future.* 

High  Voltage  Laboratory. — The  new  600,000  volt  labora- 
tory has  been  completed  during  the  past  year  and  consists 
of  two  300,000  volt  condenser  terminal  transformers  con- 
trolled by  means  of  hand  operated  motor  driven,  drum  con- 
troller and  auxiliary  variable  voltage  transformer.  This 
equipment,  which  was  furnished  by  the  Westinghouse  Elec- 
tric &  Manufacturing  Company,  has  given  very  satisfactory 
results.  It  is  installed  in  an  extension  of  the  Electrical 
Building  north  of  the  original  high  voltage  laboratory. 

It  is  expected  that  research  work  in  connection  with 
insulating  materials  at  high  voltages  and  the  corona  losses 
on  transmission  lines  will  be  undertaken  with  this  equip- 
ment in  the  near  future.  At  present  tests  are  being  made 
upon  the  equipment,  and  the  effect  of  the  control  apparatus 
upon  the  wave  form  of  the  voltage  in  the  secondary  cir- 
cuit is  being  investigated. 

Personnel, — Captain  L.  D.  Rowell  has  returned  to  the 
staff  of  the  School  of  Electrical  Engineering  from  war 
service  in  the  Engineer  Corps,  Washington,  D.  C. 

Mr.  C.  W.  Piper  has  left  the  staff  to  enter  upon  com- 
mercial engineering  work  in  Cincinnati.  Aside  from  these 
changes,  the  personnel  of  the  organization  is  the  same  as 
before  the  war,  although  during  the  period  of  the  war  it  was 
very  greatly  augmented  to  provide  for  a  large  amount  of 
extra  instruction,  carried  on  with  the  enlisted  men  who  were 
assigned  to  the  University  in  addition  to  the  regular  stu- 
dents. 


*ProfeMor  R.  V.  Achate  has  mads  an  extensive  invettiffation  npon  the 
effeets  of  various  preservatives  npon  the  life  of  telephone  poles  in  the  soil  of 
Indiana.     This   investigation   is    now   ii  the  hands  of  the  printer. 
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SCHOOL  OF  MECHANICAL  ENGINEERING 

The  school  of  Mechanical  Engineering  as  a  separate 
school  was  authorized  by  the  trustees  in  1884  and  the 
following  year  the  first  student  in  M.  E.,  was  graduated. 
From  that  time  on  this  department  has  been  doing  effi- 
cient work  and  for  twenty  years  was  in  fact  the  leading 
school  in  engineering  in  the  west.  Since  then  1,292  Bach- 
elor degrees  and  3^  Advanced  degrees  have  been  con- 
ferred. Last  year  and  again  this  year  the  School  of  Me- 
chanical Engineering  is  the  largest  of  all  the  Schools 
of  Purdue  University. 

The  construction  of  the  Mechanical  Engineering 
building  was  made  possible  in  1892  by  the  gift  of  Amos 
Heavilon  and  other  friends  of  the  University  living  in 
Tippecanoe  County.  The  new  engineering  building  with 
its  shops  and  laboratories  was  dedicated  January  21,  1894. 
Two  days  after,  the  main  building,  laboratoes  and  part 
of  the  shop  wings  were  completely  destroyed  by  fire. 
Within  two  years,  the  present  building  was  rebuilt  on  the 
same  plans  as  the  one  burned.  The  locomotive  which  was 
in  this  fire  when  rebuilt  was  placed  in  the  present  locomo- 
tive laboratory.  In  June  of  this  year  fifteen  degrees  were 
given  in  Mechanical  Engineering. 

In  the  year  1911  the  buildings  of  the  department  of 
Practical  Mechanics  were  completed  and  the  wings  ot 
the  present  Mechanical  building  were  made  available  for 
new  laboratories. 

The  School  of  Mechanical  Engineering  is  noted  for 
its  fine  laboratories  in  Steam,  Gas,  Automobile,  Tractor 
Testing  and  Railway  work.  For  twenty  years  this  school 
has  had  charge  of  the  Master  Car  Builders'  equipment 
of  air  brake  racks,  brake  shoe  machine  and  drop  testing 
machine.  This  department  has  been  a  pioneer  in  railway 
work  and  automobile  testing.  The  new  Tractor  Testing 
Laboratory  has  been  completed  and  the  standardization 
of  Farm  Tractors  is  now  in  progress.  The  machine  for 
determining  the  effect  of  flat  spots  on  car  wheels  is  the 
only  machine  of  its  kind  in  existence.  The  belt  testing 
machine  is  acknowledged  by  experts  to  be  the  finest  in  the 
country.  The  completeness  of  gas  laboratory  equipment 
with  its  two  kinds  of  gas  producers,  and  internal  combus- 
tion motors  of  many  types,  the  Diehl  Dynamometer  for 
special,  is  a  source  of  surprise  and  favorable  comment 
from  visiting  engineers.  Plans  are  now  being  prepared 
for  new  laboratories  in  heating  and  ventilating  and  refrig- 
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eration  where  special  lines  of  research  may  be  carried  on 
in  these  important  branches  of  engineering. 

Students  in  Mechanical  Engineering  may  specialize 
in  the  following  courses :  Steam  Engineering,  Gas  Engi- 
neering, Railway  Engineering,  Heating  and  Ventilating 
and  Industrial  Management.  The  graduates  are  well 
prepared  by  their  broad  course  in  Engineering  and  soon 
are  found  in  responsible  well-paying  positions. 


THE  ENGINEERING  EXPERIMENT  STATION 

Experimental  work  on  various  engineering  problems 
has  been  carried  on  at  the  University  for  many  years. 

Scientific  investigations  of  much  practical  importance 
have  been  made  and  the  results  published  as  papers  before 
technical  societies  and  as  articles  in  engineering  periodicals. 


Experiments  on  the  Purdue  locomotive  with  high  steam 
pressure  and  with  superheatted  steam,  tests  on  railway  ma- 
terial in  the  shape  of  rails,  car  wheels,  side  frames,  brake 
shoes  and  brake  beams,  and  investigations  of  various  build- 
ing materials,  wood,  steel,  brick  and  concrete,  all  these  ' 
were  done  before  the  Experiment  Station  was  even  men- 
tioned. 

The  station  is  not  a  new  thing,  it  is  a  more  modern  and 
efficient  development  of  the  work  already  here. 

It  has  enabled  the  engineering  schools  to  segregate  the 
experimental  work,  to  provide  a  regular  staff  and  special 
apparatus  for  this  work. 
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The  Trustees  authorized  the  establishment  of  the  Sta- 
tion in  the  spring  of  19 17  and  in  August  of  that  year,  the 
first  circular  was  sent  out  in  the  form  of  a  prospectus. 


The  Station  is  organized  with  a  board  of  management 
consisting  of  the  dean,  who  acts  as  director,  and  the  heads 
of  the  four  schools  involved.  The  staff  consists  of  chiefs, 
usually  members  of  the  faculty,  research  assistants  and  em- 
ployees. 

Beginning  with  one  assistant,  the  staff  now  consists  of 
two  chiefs,  six  assistants,  and  three  employees. 
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The  publications  already  completed  are  as  follows: 

Circular— "Lightning  Protection."    C  F.  Harding. 

Bulletin— "Flow  of  Water  Through  One  and  One-half  Inch 
Pipe  and  Valves."    F.  W.  Greve. 

Bulletin— "Electric  Ranges."  C.  W.  Piper. 

Bulletin — "Coefficients  of  Discharge  of   Sewage  Sprinkler 

Nozzles."    F.  W.  Greve. 

Bulletin — "Electrically  Driven  Pumps  in  Small  Water 
Works'.'    D.  D.  Ewing. 

Bulletin — "The  Mixture  Requirements  of  Internal  Combus- 
tion Engines."     O.  C.  Berry. 

Circular — "Preservative  Treatment  of  Wood  Poles."  R.  V. 
Achatz. 

The  more  important  investigations  which  are  now  well 
under  way  are  the  testing  and  classification  of  the  sands  and 
gravels  of  the  State,  the  fixation  of  atmospheric  nitrogen 
and  the  testing  of  farm  tractors.  The  new  high  tension  lab- 
oratory used  in  the  nitrogen  investigation  is  one  of  the  best 
equipped  in  this  country,  while  the  tractor  testing  plant  has 
no  counterpart. 

Several  new  problems  are  being  considered  as  available 
projects.  Practically  all  of  the  work  undertaken  by  the  Sta- 
tion is  of  such  a  character  as  to  be  of  direct  benefit  to  the 
industries  of  the  State. 

The  Station  stands  ready  by  advice,  by  consultation  and 
by  experiment  to  assist  the  manufacturers  and  the  public 
utilities  of  the  commonwealth  and  to  help  in  solving  the 
industrial  problems  which  are  called  to  its  attention. 

Department  of  Practical  Mechanics 

Processes  of  manufacture  have  undergone  a  revolu- 
tionary change  in  the  last  few  years.  The  day  of  the 
hand-craft  article  has  departed  and  that  of  the  machine- 
made  product  has  arrived  bringing  with  it  a  degree  of  re- 
finement in  machine  finish  and  size  heretofore  considered 
as  impossible  as  the  most  extravagant  tales  of  Munchau- 
sen. We  find  ourselves  in  an  age  of  machinery  and  rapid 
production  and  confronted  by  a  demand  from  the  shops 
and  manufacturing  plants  of  the  country  for  skilled  op- 
erators, designers,  technical  experts  and  production  man- 
agers. Here  is  a  quartet  of  responsibilities  that  is  well 
worth  our  serious  consideation.  The  first  group  in  the 
quatet  comprises  by  far  the  greatest  number  of  men 
but  the  remaining  groups  are  much  more  difficult  to  fill. 
A  skilled  machine  operator  may  be  developed  for  any 
given  process  without  a  knowledge  of  apy  of  the  co-ordi- 
nating processes.    Such  a  man  acquires  his  art  in  a  corn- 
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paratively  short  time  and  becomes  a  vital  part  of  the  ma- 
chine he  operates  but  is  not  prepared  to  advise  intelli- 
gently upon  lines  other  than  his  specialization.  The  De- 
signer on  the  other  hand  must  have  a  thorough  working 
knowledge  of  shop  processes  and  manipulation,  and  in  ad- 
dition must  be  able  to  work  out  theoretical  conceptions  in 
terms  of  actual  machines.  This  man  is  a  mechanic  and  a 
technician  and  requires  years  of  experience  to  obtain  pro- 
ficiency. The  Technical  Expert  is  the  engineer  and  re- 
search man  for  the  establishment.  He  must  be  both  prac- 
tical and  theoretical  man  and  in  connection  with  the  de- 
signer is  reponsible  for  the  scientific  development  of  the 
manufactured  product.  The  Production  Manager  must 
be  a  master  of  shop  processes  and  a  thorough  student  of 
human  nature.  His  effectiveness  in  the  work  is  de- 
termined by  a  wide  experience  and  fitting  native  qualifi- 
cations. 

Under  the  old  order  of  things  these  directing  minds 
in  the  plants  were  recruited  from  the  ranks  through  the 
apprenticeship  system.  However,  with  the  gradual  de- 
cadence of  the  apprenticeship  system  the  manufacturing 
world  began  looki^ig  toward  the  technical  schools  of  the 
country  to  supply  this  ned.  So  far  the  technical  schools 
have  been  giving  large  numbers  of  graduates  to  other 
lines  of  engineering  but  few  to  the  shop  and  manufac- 
turing plants  as  experts.  This  condition  has  prevailed 
partly  because  competitive  manufacturing  has  not  until 
recently  been  so  keen  and  did  not  demand  the  more  scien- 
tific and  refined  processes  in  production.  Another  reason 
is  that  the  average  technical  school  shop  equipment  has 
been  so  limited  in  machines  and  appliances  and  the  time 
allowed  for  such  work  has  been  so  reduced  that  training 
much  beyond  the  elementary  shop  processes  is  precluded. 
Educators  throughout  the  country  have  been  honestly 
endeavoring  to  develop  engineers  with  inspirational,  con- 
structive and  initiatie  powers,  but  in  many  cases  upon  a 
basis  so  theoretical  and  ideal  as  to  obscure  the  real  ob- 
jective. That  is  to  say — if  the  greatest  results  are  to  be 
obtained  in  an  educational  way  the  student  should  be 
thoroughly  "shop-broke"  and  should  know  the  relation 
of  the  shop  and  the  shop  product  to  the  industrial  world 
before  entering  upon  the  more  advanced  theoretical  sub- 
jects. A  course  in  manual  training  is  good  as  far  as  it 
goes — but  it  does  not  go  far  enough — neither  is  it  good 
policy  to  attempt  the  engineering  features  of  shop  in- 
struction without  having  had  a  fair  training  in  the  manual 
work.    To  do  this  would  be  comparable  with  the  mother 
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who  attempts  to  force  the  development  of  her  child  with 
a  diet  of  beefsteak  when  milk  is  the  only  died  it  can  di- 
gest.   • 

The  Practical  Mechanics  Department  of  Purdue  has 
always  studied  to  meet  the  current  needs  of  the  engineer- 
ing field  without  being  spectacular  or  radical.  The 
courses  of  study  are  always  under  process  of  revision  but 
these  changes  never  become  drastic.  At  the  present  time 
several  new  courses  (substitutes  for  and  given  in  parallel 
with  the  regular  courses)  have  been  added  for  students 
entering  with  satisfactory  manual  training  experience. 
These  courses  omit  the  elementary  exercise  work  and 
emphasize  the  scientific  and  engineering  features  of  pro- 
duction. From  the  importance  given  to  manual  training 
in  the  high  schools  of  the  country  these  substitute  courses 
should .  gradually  increase  in  importance.  Considering 
the  extent  and  scope  of  Purdue's  shop  and  drawing  room 
facilities,  which  it  is  safe  to  say  are  second  to  none  in  the 
country,  and  the  fact  that  the  courses  are  planned  and 
given  by  men  who  are  at  the  same  time  technical  men  and 
skilled  tradesman,  it  is  believed  the  department  is  justi- 
fied in  looking  forward  to  a  closer  union  with  the  com- 
mercial field  of  the  manufacturer. 
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Superla  Oil 

oAssures  You  the  Highest  degree 
of  Lubrication  at  Minimum  Cost 


The  various  oib  bearixiff  the  "Superla"  brand  represent  the  highest  develop* 
roent  in  hibricatins  oils  for  special  purposes. 

The  process  of  manufacture  was  developed  in  the  laboratories  of  this  com- 
pany,  and  the  results  obtained  in  their  every  day  use  demonstrate  the  unusual 
merit  of  our  Superla  Brands. 


SUPERLA  CYLINDER  OIL.  For  intermediate  and  high  steam 
pressure  conditions. 

SUPERLA  DYNAMO  OIL.  For  dynamos  and  high  speed 
machinery. 

SUPERLA  TURBINE  OIL.  For  all  types  of  turbines  with  the 
exception  of  gear  reduction  turbines.  Separates  rapidly  from  water 
and  moisture. 

SUPERLA  MACHINE  OIL.     For  high  speed  machinery. 

SUPERLA  ENGINE  OIL.  For  high  speed  types  of  machinery 
and  engines  where  the  bearings  are  snug  and  a  light  oil  is  neces- 
sary. 

SUPERLA  TRANSFORMER  OIL.  For  all  types  of  trans- 
formers. It  will  stand  a  voltage  test  of  approximately  45,000  volts. 
Absolutely  free  from  moisture. 

SUPERLA  SOLUBLE  OIL.  For  use  on  turret  lathes,  engine 
lathes,  milling  machines,  drill  presses  and  apparatus  where  metal 
is  shaped  by  drilling,  sawing  or  cutting. 


STANDARD  OIL  COMPANY 

(INDIANA) 

CHICAGO  U.  S.  A. 
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A  COLLEGIATE  institution  founded  upon  an  act  of 
Congress  of  July  2,  1862,  named  in  Wonor  of  its 
bene&ctor,  JoHn  Purdue,  a  citizen  of  La  Fayette; 
aided  by  numerous  private  and  public  gifts;  maintained  by 
appropriations  from  the  State  of  Indiana  and  the  United 
States;  offers  instruction  in  undergraduate  and  graduate 
courses  in  Science,  Agriculture,  Engineering  and  Pharmacy. 

The  institution  possesses  superior  resources  for  con- 
ducting its  courses  of  instruction,  viz.: 

An  Instructional  corps  of  over  Two  Hundred  persons. 

An  estate  of  over  One  Thousand  Acrec. 

Twenti|-four  Principal  Buildings. 

Extensive  laboratories  of  Chemistry,  Physics,  Botany, 
Zoology,  Bacteriology,  Electricity,  Steam  Engineering, 
Locomotive  Engineering,  Civil  Engineering,  Hydraulics, 
Materials  Testing,  Practical  Mechanics,  Pharmacy,  Soil 
Physics,  Dairying,  Horticulture,  Veterinary  Science,  Ani- 
mal Industry  and  Experimental  Fields  and  Orchards. 

An  equipment  of  laboratory  apparatus  and  materials 
in  all  departments  of  unusual  extent  and  unique  character. 
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THE  ENGINEER  IN  INDUSTRY 


By  Louis  Rut  hen  berg,  Ex-*08, 
Superintendent  Delco  Co.,  Dayton,  Ohio. 

Before  we  hit  a  few  high  spots  in  the  very  broad 
subject  *'The  Engineer  in  Industry,"  matters  might  be 
clarified  if  we  can  arrive  at  a  mutually  acceptable  defini- 
tion of  an  engineer. 

I  like  to  think  of  an  engineer  as  "one  who  reduces 
the  developments  of  science  into  tangible  means  for  ad- 
vancing civilization."  I  think  you  will  agree  that  this 
definition  is  sufficiently  broad.  Perhaps  some  of  you 
will  say  that  it  is  too  idealistic.  But  in  these  days  of 
great  specialization,  I  believe  it  is  very  important  that, 
no  matter  how  narrowly  our  individual  activities  may  be 
specified,  we  should  retain  a  broad  and,  if  you  please,  an 
idealistic  conception  of  the  engineer. 

The  engineer  is  being  accepted  by  both  the  industri- 
•al  and  technical  worlds  into  fields  of  ever  increasing 
breadth  and  this  process  will  continue,  probably,  only  as 
the  engineer  himself  conceives  engineering  in  the  broad- 
est and  most  ideal  sense. 

Because  of  the  tendency  to  specialize,  we  have  come 
to  draw  certain  lines  between  various  branches  of  engi- 
neering. As  students  we  have  lines  drawn  between  us,  as 
mechanical,  electrical,  civil,  chemical  engineers,  and  so 
on.  Let  us  recognize  that  the  student  or  engineer  who 
would  go  far,  is  he  who  will  .make  the  most  successful  ap- 
plication of  those  fundamental  laws  which  apply  in  com- 
mon to  all  branches  of  engineering  and  which  are  appli- 
cable very  directly  to  the  problems  of  commerce  and  in- 
dustry. 

The  ablest  engineers  that  I  know  have  forgotten  that 
lines  of  any  description  exist  between  the  various  phases 
of  engineering  and  move  about  equally  at  home  in  one 
field  or  the  other. 

Such  men  whom  we  regard  today  as  super-engineers, 
have  not  so  much  mastered  the  details  of  the  various 
branches  of  engineering  as  they  have  recognized  the  fun- 
damental fact  that  all  branches  of  engineering  are,  after 
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all,  pretty  much  the  same  thing;  that  they  have  simply 
grown  up  like  different  nationalities  of  the  same  race, 
speaking  somewhat  different  dialects.  These  men  have 
found  the  common  tongue. 

Mechanical  engineers  rig  up  most  complicated  "dog 
leg"  contrivances  to  acomplish  results  that  the  simplest 
electrical  relay  would  effect  at  a  fraction  of  the  cost. 
Electrical  engineers  string  together  numerous  magnets  to 
achieve  that  which  could  be  better  accomplished  pneu- 
matically or  hydraulically.  • 

Engineering  training  must  not  be  permitted  to  tie 
men  too  closely  to  tradition  and,  by  so  binding  them,  de- 
stroy their  imagination  and  vision.  It  is  a  rare  mind  that 
is  neither  too  free  of  traditional  guidance  nor  too  much 
restricted  by  tradition. 

Charles  P.  Steinmetz  is  credited  with  this  statement: 
"Wise  men  will  gather  about  the  table  and  prove  con- 
clusively that  a  thing  cannot  be  done;  at  the  same  time 
an  untaught  genius,  too  ignorant  to  know  that  the  thing 
cannot  be  done,  will  go  ahead  and  do  it."  This  is  simply 
Dr.  Steinmetz's  way  of  pointing  out  the  danger  of  tradi- 
tional restraint.  To  arrive  at  a  clearer  conception  of  the 
effect  of  traditional  restraint,  suppose  we  spend  a  few 
minutes  taking  an  imaginary  trip  around  the  world. 

Starting  with  China,  we  find  a  nation  with  almost  un- 
limited natural  resources,  which  has  not  made  percep- 
tible progress  for  hundreds  of  years,  simply  because  the 
national  philosophy  teaches  them  to  worship  that  which 
has  been  done  in  the  past.  They  are  restrained  by  tradi- 
tion to  a  degree  which  makes  them  move  backward  rather 
than  forward. 

Jumping  into  England  we  find  a  better  balance  be- 
tween traditional  restraint  and  progressiveness.  As 
Americans,  most  of  us  feel  that  England  is  too  much 
bound  by  tradition.  In  England  we  find  a  current  expres- 
sion, "It  isn't  done,''  which  simply  means  that  it  isn't 
done  because  custom  or  habit  or  tradition  forbids  its  be- 
ing done.  We  are  not  interested  at  this  time  in  deciding 
whether  or  not  England  has  found  the  logical  compro- 
mise, but  simply  in  observing  the  effect  of  traditional  re- 
straint. 

As  we  come  across  the  Atlantic  and  observe  the  ef- 
fect of  traditional  restraint  in  the  New  England  States, 
we  find  that  tradition  restrains  people  less  than  in  old 
England,  but  some  of  us  in  the  middle  west  feel  that  even 
New  England  lacks  progressiveness  because  of  the  con- 


Digitized  by 


Google 


The  Engineer  in  Industry  9 

serv^ative  spirit,  which  is  simply  another  expression  for 
traditional  restraint. 

Here  in  the  middle  west  of  the  United  States,  most 
of  us  are  willing  to  admit  that  we  have  found  the  logical 
compromise,  that  while  we  are  guided  by  tradition,  we 
are  not  so  restrained  as*  not  to  be  logically  progressive. 

As  we  move  out  into  what  was  but  yesterday  the 
frontier  of  our  civilization,  down  to  the  Pacific  Coat,  less 
and  less  restraint  is  found,  as  a  result  of  tradition.  But 
please  observe  that  the  guidance  of  tradition  has  had 
much  to  do  with  the  successful  pushing  forward  of  our 
frontier. 

Jumping  from  the  Pacific  Coast  to  Japan,  we  find  a 
most  interesting  condition  brought  about  very  largely  by 
reaction  against  a  system  which  has  until  quite  recently 
held  a  people  in  traditional  restraint  through  the  cen- 
turies. Just  now,  in  many  respects,  we  find  the  Japanese 
people  ultra-progressive.  We  find  them  making  what  we 
regard  as  very  foolish  and  very  serious  mistakes.  Most  of 
these  apparent  mistakes  are  traceable,  I  believe,  to  the 
sharp  reaction  against  the  old  philosophy  under  which 
tradition  was  worshipped  to  a  degree  which  finds  a  close 
parallel  in  the  present  situation  in  China. 

Engineers  vary  in  their  progressiveness  almost  as 
much  as  the  peoples  we  have  just  discussed.  You  are  all 
more  or  less  familiar  with  the  engineer  who  might  be 
called  the  Chinese  type,  who  moves  backward  rather  than 
forward  because  of  his  respect  for  certain  traditions.  You 
know  the  type  of  engineer  who  might  be  called  the  Amer- 
ican middle-west  type — guided  by  tradition,  but  not  over- 
restrained.  You  know  the  Pacific  Coast  type,  who  has  so 
little  respect  for  tradition  that  he  is  always  accomplishing 
something  which,  according  to  tradition,  simply  could 
not  be  done.  And  then,  there  is  the  Japanese  type,  react- 
ing against  a  period  during  which  he  was  restrained  by 
tradition  and  reaching  the  extreme  where  he  tries  to  ac- 
complish things  absolutely  without  traditional  guidance 
simply  because  of  that  reaction. 

The  facts  and  formulae  which  we  have  impressed 
upon  us  as  engineering  students  must  not  be  worshipped, 
nor  even  highly  regarded,  as  things  of  first  importance 
within  themselves.  Sanely  valued,  facts  and  formulae  be- 
come simply  the  tools  by  means  of  which  an  engineer  at- 
tacks the  problems  he  may  encounter  regardless  of 
whether  these  problems  fall  under  those  arbitrary  classi- 
fications of  mechanical,  electrical,  civil,  chemical,  indus- 
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trial  engineering  or  merely  under  the  broad  classification 
of  business  problems. 

In  a  properly  operated  factory,  we  rarely  shape  our 
production  to  meet  the  limitations  of  our  tools,  but  rather 
keep  our  tool  equipment  sufficiently  flexible  to  meet  the 
varying  production  problems  as  they  confront  us.  So 
we  may  logically  conclude  that  it  would  be  very  unwise 
if  we  should  regard  these  mental  tools — facts  and  for- 
mulae— as  things  so  inflexible  that  our  problems  must  be 
made  to  conform  with  our  mental  tool  equipment 

I  believe  that  it  is  fair  to  state  that  most  worthwhile 
human  accomplishments  are  the  result  of  three  more  or 
less  distinct  operations: 

First — Analysis 

Second — Planning 

Third — Execution 

If  an  engineer's  training  is  to  be  of  any  great  value 
to  him  it  must  enable  him  to  distinguish  these  functions 
and  it  will  develop  within  him  most  particularly  the  pow- 
er of  analysis. 

These  characteristics  are  ones  which  we  often  find 
woefully  lacking  in  the  practical,  shop-trained  man.  His 
training  ov^r-emphasizes  the  importance  of  the  last  oper- 
ation, execution,  and  very  often,  without  any  clear  cut 
analysis  of  his  problem  or  planning  its  solution,  he  will 
jump  into  the  middle  of  the  actual  doing  of  the  job,  with 
the  result  that  he  often  fails  to  accomplish  the  desired  re- 
sult and  frequently  (having  analysis  and  planning  thrust 
upon  him  in  some  muddled  sense  by  his  failure  of  the 
first  or  intermediate  attempt)  will  succeed  in  accom- 
plishing the  result  only  after  several  unsuccessful  at- 
tempts. 

Now,  so  far,  we  have  indulged  in  some  very  fine  gen- 
eralities. It  has  been  intimated  that  fundamental  engi- 
neering laws  apply  directly  to  many  of  the  problems  of 
industry  and  that,  therefore,  engineering  treatment  is 
applicable.  It  is  beautifully  simple  and  easy  to  indulge 
in  these  generalities,  but  I  imagine  that  some  of  you 
would  like  to  "call  my  bluflf"  about  this  time  and  ask  me 
to  get  down  to  specific  cases. 

All  of  us  have  been  taught  that  "every  force  has  an 
equal  and  oppositely  directed  reaction."  As  I  recall  it, 
this  statement  was  encountered  very  early  in  the  study 
of  Professor  Ferry's  Elementary  Dynamics.  Now,  let 
us  examine  how  this  very  elementary  law  applies  to  some 
of  the  problems  of  industry. 
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Just  a  few  years  ago,  under  a  political  administration 
that  may  be  regarded  as  either  radical  or  progressive,  de- 
pending upon  one's  political  point  of  view,  the  Adamson 
law  was  passed  which  guaranteed  to  railroad  labor  cer- 
tain rights  and  privileges. 

The  "equal  and  oppositely  directed  reaction"  came 
about  under  a  reactionary  or  conservative  congress 
(again  depending  upon  one's  political  sympathies).  The 
Esch-Cummins  bill  became  a  law.  This  law  guaranteed 
to  railroad  capital  certain  rights  and  privileges.  I  believe 
that  these  two  laws,  in  connection  with  the  surrounding 
conditions,  represent  a  very  beautiful  study  of  the  law  of 
action  and  reaction  as  applied  to  labor  and  economics. 

Another  illustration :  If  I  should  take  two  maps  of 
the  United  States  and  upon  one  of  them  indicate  those 
areas  in  which  there  have  been  labor  trouble  during  the 
past  five  years  and  upon  the  other  indicate  those  areas  in 
which  management  is  now  retaliating  by  sharp  reduc- 
tions in  wages  and  by  actively  fighting  the  closed  shop, 
I  could  superpose  the  two  maps  and  find  that  the  two 
areas  were  almost  exactly  coincident.  So  much  for  the 
application  of  that  particular  principle. 

You  ^re,  of  course,  all  familiar  with  the  character- 
istic curve  that  may  be  plotted  for  the  amplitude  of  vi- 
bration of  a  spring  returning  from  a  position  of  strain  to 
normal  or  the  characteristic  curve  representing  the  dis- 
charge of  an  electrical  condenser.  You  might  plot  a  very 
similar  curve  which  would  represent  the  present  and 
forecast  the  future  economic  and  social  situation  of  the 
whole  world.  The  economic  and  social  fabric  of  the  en- 
tire world  has  lately  been  placed  under  tremendous 
strain  and  so  we  shall  find  conditions  vibrating  from  sub- 
normal to  abnormal  until  they  are  affected  by  other  forc- 
es or  find  their  normal  status.  The  present  industrial  de- 
pression in  this  country  could  be  located  with  compara- 
tive accuracy  at  some  point  on  this  curve. 

You  all  know  that  by  finding  the  initial  character- 
istics of  a  curve  it  is  often  possible  to  project  the  balance 
of  the  curve  with  considerable  accuracy.  Some  of  you 
may  be  familiar  with  the  methods  used  by  the  Babson 
Statistical  organization,  which  very  successfully  applies 
exactly  this  method  to  forecasting  commercial  and  in- 
dustrial conditions.  Incidentally,  you  cannot  read  any 
of  the  Babson  literature  without  encountering  within  the 
first  few  paragraphs  an  expression  of  a  law  of  action  and 
reaction. 
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Engineering  methods  have  been  applied  to  the  con- 
trol of  physical  materials  in  our  plants  for  a  long  time.  As 
a  matter  of  course  we  analyze  the  requirements  of  a  given 
part  and  as  a  result  of  such  analysis,  specify  within  com- 
mercial limits  the  chemical  or  physical  characteristics  of 
acceptable  materials.  Then  we  specify  within  exact 
limits  the  treatment  such  raw  material  is  to  receive 
within  our  plant.  If  we  have  analyzed  requirements  clear- 
ly and  planned  our  specification  wisely  we  can  be  certain 
of  satisfactory  results,  providing,  of  course,  that  satisfac- 
tory means  exist  and  are  used  for  checking  our  specifica- 
tions. 

But  regardless  of  the  relative  importance  of  the 
human  side  of  industry,  we  have  only  recently 
begun  to  learn  how  to  apply  engineering  methods 
of  analysis  and  planning  to  the  control  of  that 
human  factor  about  which  all  other  factors  may  be 
said  to  revolve.  As  engineers  we  know  a  great  deal 
more  about  the  habits  and  tendencies  of  nickel  steels  and 
bearing  metals  than  we  know  about  the  habits  and  ten- 
dencies of  the  human  animal. 

The  difference  between  the  two  problems — physical 
and  human — might,  from  an  engineering  point  of  view,  be 
regarded  as  a  study  in  relative, variables.  In  laying  down 
chemical  specifications  for  the  more  complicated  alloy 
steels,  we  are  interested  in  controlling  five  or  six  or  seven 
variables — for  example,  nickel,  chromium,  carbon,  man- 
ganese, sulphur  and  phosphorus.  It  is  a  comparatively 
simple  matter  to  study  the  relation  and  inter-relation  of 
these. 

In  laying  down  human  specifications  to  fill  the 
simplest  kind  of  a  job,  who  can  say  how  many,  variables 
we  must  consider?  What  do  we  know  about  the  relation 
and  inter-relation  of  such  variables? 

To  be  perfectly  truthful,  we  don't  know  much  about 
such  things,  but  the  significant  fact  is  that  we  are  start- 
ing to  learn. 

In  every-day  industry  we  are  beginning  to  put  into 
definite  terms  our  analysis  of  the  job.  And  we  are  be- 
ginning to  put  down  specifications  for  the  human  ma- 
terial necessary  to  meet  the  job's  requirements.  We 
specify  certain  educational  treatment  for  that  raw  ma- 
terial. Our  means  for  checking  specifications  are  still 
very  elementary  and  crude,  but  crude  as  they  now  are, 
we  are  trying  to  find  out  more  about  trade  tests,  mental 
alertness  tests,  and  the  like;  about  where  and  how  they 
actually  fit  into  the  scheme  of  things.     We  are  writing 
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down — analyzing  and  studying  a  lot  of  the  almost  infinite 
number  of  variables  that  affect  our  human  material — try- 
ing to  see  the  relation  and  inter-relation  of  these  ele- 
ments. 

About  this  time  someone  is  due  to  rise  up  and  tell 
me  that  I  am  not  talking  about  engineering  or  about  busi- 
ness, but  about  psychology.  All  right,  call  it  by  any  name 
you  please.  (I  think  the  word  '^psychology"  is  one  of 
those  abused  and  over-worked  terms  like  '^efficiency.'') 
As  a  word  it  should  perhaps  be  given  a  rest. 

But  the  essential  point  is  this:  The  human  side  of 
industry  never  meant  anything  very  definite  to  industry 
until  it  was  attacked  by  essentially  sound  engineering 
methods. 
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SCHOOL  OF  MECHANICAL  ENGINEERING 
1874-1921 


By  Professor  G.  A.  Young, 
Head  of  School  of  Mechanical  Engineering 

Historical 

A  history  of  the  beginning  of  the  School  of  Mechani- 
cal Engineering  will  of  necessity  be  general  in  recount- 
ing some  of  the  plans  and  conditions  leading  up  to  the 
organization  of  this  department  in  engineering.  In  1874, 
the  plan  of  organization  adopted  by  the  Board  of  Trus- 
tees of  Purdue  University  was  based  upon  the  theory  of 
special  education  and  plans  were  made  to  arrange  for^in- 
structions  in  the  following  special  schools:  Natural 
Science,  Agriculture  and  Engineering.  Detailed  courses 
of  study  were  adopted  at  the  same  time  in  Agriculture, 
Chemistry,  Physics,  Engineering  and  Mechanical  En- 
gineering, followed  immediately  by  public  announcement. 
Another  reorganization  took  place  in  1879  and  the  uni- 
versity plan  of  study  was  made  to  embrace  three  courses, 
the  Scientific,  Agricultural  and  Mechanical.  Prof.,  D.  G. 
Herron  was  professor  of  ^lathematics  and  Engineering 
and  W.  F.  M.  Goss  left  Massachusetts  Institute  of  Tech- 
nology, where  he  was  a  junior  engineering  student,  "-o 
become  Instructor  in  Mechanics. 

In  1881,  Lieutenant  Hamilton  was  appointed  instruc- 
tor in  Engineering  and  Military  Tactics.  The  next  year 
Mr.  Goss  was  made  professor  of  Practical  ^lechanics,  a 
position  which  he  held  for  nine  years  until  it  was  turned 
over  to  Prof.  ^M.  J.  (iolden.  The  engineering  faculty  in 
1883  consisted  of  A.  \V.  Stahl,  professor  of  Physics  and 
Mechanical  Engineering;  Prof.  Goss,  Practical  Mechan- 
ics and  J.  E.  Clapper,  assistant  in  Practical  ^Mechanics. 
Mr.  Clapper  resigned  in  1884  and  his  place  was  taken  by 
E.  A.  Dillon,  who  continued  until  1885,  when  **Mike" 
came  to  Purdue  as  instructor  in  Practical  Mechanics. 

In  1884,  the  trustees  and  faculty  decided  to  confer 
the  degree  of  Mechanical  Engineer  (]M.  E.)  on  all 
students  completing  the  course  of  study  in  the  schools, 
Practical  Mechanics  and  Engineering. 

Early  Equipment 

The  Avork  in  Practical  Mechanics  and  Engineering 

was  started  in  the  basement  of  the  building  now  known 

as  the  Pharmacy  Building.     It  then  covered  but  half  the 

ground  that  it  does  at  present.     It  is  interesting  to  read 
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from  the  catal-'^  of  18S4  the  description  ot  the  "wonder- 
ful equipment"  which  comprised  the  engineering  labom- 
tor}-  and  shop*s.    It  is  listed  as  follows : 

9  wood  working  benches  with  tools, 

5  wood  turning  lathes, 

1  circular  saw, 

1  scroll  saw, 

8  vises  with  chisels,  squares  and  calipers  for  each, 

5  forges,  four  of  which  were  furnished  with  air  blast 
b\'  power, 

3  iron  lathes, 

1  sf^eed  lathe, 

1  machine  planer, 

1  vertical  drill  with  complete  set  of  drills, 

1  Deane  steam  pump  for  experimental  purpi>scs. 

Engineering  students  were  "allowed  to  gi>  into  the 
engine  and  boiler  rooms  and  look  at  the  engine  run." 

Important  Events  of  1885 

The  year  1885  was  a  momentous  one  for  engineering 
at  Purdue  University.  It  is  noted  for  three  important 
events. 

First. — The  first  man  to  receive  a  degree  in  Kngi- 
neering  was  given  the  degree  of  ^Mechanical  Kngineering 
(AI.  E.)  in  June  of  this  year.  His  name  is  Charles  L, 
Ratliff  and  now  he  lives  at  New  Castle.  Indiana. 

Second. — The  dedication  of  the  new  shops  and  lab- 
oratories took  place  at  this  time.  This  building  (now 
known  as  the  Science  Hall)  was  the  most  complete  and 
largest  of  its  kind  in  the  country.  It  is  interesting  to 
note  that  the  work  in  engineering  and  practical  me- 
chanics outgrew  this  building  in  less  than  ten  years. 

Third. — This  eventful  year  of  1885  brought  M.  J. 
Golden  to  Purdue  University.  For  thirty  years  he  has 
been  known  to  the  students  of  Purdue  as  "Mike."  I'Var- 
ed  by  the  Freshman,  respected  by  the  S()i)h()nu>re,  ep- 
preciated  by  the  Junior,  loved  by  the  Senior  and  revered 
by  the  alumnus,  it  is  safe  to,  say  that  no  one  man  ever 
had  such  a  wholesome  and  lasting  influence  upon  the 
lives  of  Purdue  men  as  Professor  (Jolden. 

Increased  Interest 

Beginning  with  1885,  the  School  of  Mechanical  b'n- 
gineering  started  the  growth  which  made  it  the  h*adin^' 
school  in  engineering  at  Punhie  and  in  tlie  iiil crest  of 
honesty,  one  must  say,  the  leacb'ng  school  of  engineering 
in   the   west.     The   next   year    found    sixty    .students    in 
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Mechanical  Engineering,  although  courses  in  Electrical 
Engineering  were  started  in  this  year,  while  the  School 
of  Civil  Engineering  had  been  started  the  year  previous. 
Under  Professor  Goss,  the  Experimental  Engineering 
laboratories  connected  with  mechanical  engineering  de- 
veloped until  about  1892  when  the  main  building,  the 
present  Mechanical  Engineering  Building,  was  con- 
structed. This  was  made  possible  by  the  gift  of  Amos 
Heavilon  and  friends  of  the  University  living  in  Tippe- 
canoe county.  All  the  work  of  Mechanical  and  Civil 
Engineering  was  conducted  in  this  building.  This  year, 
1893,  saw  the  installation  of  the  first  locomotive,  Schenec- 
tady No.  3,  in  the  Engineering  Laboratory. 

The  new  engineering  building  with  its  shops  and 
laboratories  was  dedicated  January  21st,  1894.  Two  days 
after,  the  main  building,  laboratories  and  part  of  shop 
wings  were  completely  destroyed  by  fire.  Within  two 
years,  the  present  building  was  rebuilt  on  the  same  plans 
as  the  one  burned.  The  locomotive  which  was  in  this 
fire  when  rebuilt  was  placed  in  the  present  locomotive 
laboratory. 

In  June  of  this  year  fifteen  degrees  were  given  in 
Mechanical  Engineering. 

Steady  Growth  Continues 

The  twelve  years  intervening  between  1894  and  1906 
produced  many  changes  in  the  staflf  of  instructors  and 
equipment  of  the  Department  of  Mechanical  Engineer- 
ing, under  Professor  Goss'  direction.  During  this  time. 
Professors  Ludy,  Young  and  Veal  were  graduated  and 
immediately  took  up  positions  as  assistants  in  the  labora- 
tories and  design  room.  In  1901,  Professor  Goss  was 
made  Dean  of  Engineering  and  Director  of  the  Engineer- 
ing Laboratories.  The  departments  of  mechanical  and 
civil  engineering  jointly  housed  in  the  present  mechani- 
cal engineering  building  with  the  department  of  practi- 
cal mechanics  became  so  crowded  that  more  room  was 
needed.  This  was  accomplished  in  1906  by  the  comple- 
tion of  the  present  civil  engineering  building.  This  year 
ended  Dean  Goss'  long  term  of  service  with  Purdue  Uni- 
versity. From  the  beginning  of  engineering  at  Purdue, 
for  twenty-seven  years  his  hand  and  mind  had  been  di- 
recting the  work  along  these  lines  into  greater  and  great- 
er fields  of  influence  and  efficiency. 

The  fall  of  1907  found  C.  H.  Benjamin  installed  as 
Dean  of  Engineering.  Dr.  Hatt,  for  ten  years  a  member 
of  this  department,  was  made  head  of  the  Department  of 
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Civil  Engineering.  The  Department  of  Applied  Mechanics, 
until  now  a  part  of  the  School  of  Mechanical  Engineer- 
ing, and  the  present  department  of  Applied  Mechanics, 
with  Prof.  R.  G.  Dukes  as  head,  were  organized. 

In  1911,  during  the  year's  leave  of  absence  of  Profes- 
sor Ludy,  Prof.  G.  A.  Young  was  in  charge  of  the 
department  of  mechanical  engineering.  Upon  his  return 
to  Purdue  the  following  year,  at  his  own  request.  Profes- 
sor Ludy  was  made  professor  of  Experimental  En- 
gineering and  Professor  Young  was  the  fii*st  appointed 
head  of  the  School  of  Mechanical  Engineering. 

During  this  year,  the  buildings  of  the  department  of 
practical  mechanics  were  completed  and  the  wings  of  the 
present  mechanical  building  were  made  available  for  new 
laboratories. 


HISTORICAL    SKETCH    OF    THE    SCHOOL    OF 
ELECTRICAL  ENGINEERING,  PURDUE 
%  UNIVERSITY 


By  Professor  C.  Francis  Harding, 
Head  of  School  of  Electrical  Engineering 

The  School  of  Electrical  Engineering  was  formally 
established  by  the  Trustees  of  Purdue  University  in  1888. 
It  is  the  third  of  the  Engineering  Schools  in  the  order  of 
establishment,  the  first  being  the  School  of  Mechanics 
and  Engineering  (later  the  School  of  Mechanical  En- 
gineering) and  the  second  being  the  School  of  Civil  En- 
gineering. 

Prior  to  the  organization  of  a  separate  School  of 
Electrical  Engineering  a  course  in  Applied  Electricity 
was  administered  by  Professor  Huston,  at  that  time  pro- 
fessor of  Physics  and  later  professor  of  •  Agricultural 
Chemistry.  This  course  was  elective  for  students  of  Me- 
chanical Engineering  and  of  General  Science.  In  1888, 
Prof.  Louis  Bell,  who  later  attained  eminence  as  a  con- 
sulting engineer  in  the  field  of  illuminating  engineering, 
was  made  professor  of  Physics  and  Applied  Electricity. 
The  courses  of  study  in  Applied  Electricity  were  in- 
creased to  a  two-hour  class  room  and  six-hour  laboratory 
course  in  the  Junior  year  and  two-hour  class  room  and 
eight-hour  laboratory  course  in  the  Senior  year.  Electrical 
designing  was  included  among,  the  topics  of  the  Senior 
course.  During  this  year  the  students  of  Electrical  En- 
gineering numbered  four  juniors,  ten  sophomores  and 
twenty  freshmen. 


Digitized  by 


Google 


1 8  Purdue  Engineering  Review 

From  1889  to  1892,  Prof.  A.  P.  Carman  was  professor 
of  Physics  and  Applied  Electricity.  During  this  period 
the  Senior  courses  were  increased  by  one  hour  per  week 
and  a  course  was  introduced  in  Electrical  Machinery  De- 
sign administered  by  Professor  Carman  and  Professor 
Flather,  of  the  School  of  Mechanical  Engineering.  In 
1892  the  Physics  Department  was  separated  from  the 
Electrical  Engineering.  Prof.  F.  A.  Waterman  became 
professor  of  Physics  and  Prof.  R.  A.  Fessenden,  who 
later  became  famous  for  his  work  in  radio  telegraphy 
and  telephony,  became  head  of  the  School  of  Electrical 
Engineering.  Professor  Fessenden  held  this  position 
only  one  year  and  was  succeeded  in  1893  by  Prof.  H.  B. 
Smith,  who  later  became  head  of  the  Department  of  Elec- 
trical Engineering  at  Worcester  Polytechnic  Institute. 
Prof.  W.  E.  Goldsborough  came  in  1893  as  associate 
professor  and  succeeded  Professor  Smith  as  head  of  the 
school  when  the  latter  left  in  1896. 

The  Electrical  Engineering  Building  was  erected  in 
1890  and  was  occupied  jointly  by  the  School^f  Electrical 
Engineering  and  the  Department  of  Physics.  The  first 
electrical  machinery  owned  by  the  University  was  in- 
stalled in  the  Mechanical  Laboratory  which  stood  on  the 
site  of  Coulter  Hall.  After  the  completion  of  the  Elec- 
trical Engineering  Building  these  machines  were  trans- 
ferred to  the  Main  Electrical  Laboratory,  which  occupied 
the  room  now  used  as  a  high  tension  laboratory.  The 
power  for  driving  the  machinery  Was  supplied  by  a  22- 
horse-power  straight  line  engine.  Among  the  machines 
were  an  original  Gramme  dynamo,  Brush  and  Thompson- 
Houston  arc  machines,  an  Edison  incandescent  lighting 
machine,  a  T.-H.  5  hp.  motor  and  other  smaller  machines. 
A  Slattery  133-cycle  alternator  was  added  to  the  equip- 
ment in  the  early  nineties.  Several  years  later,  additions 
were  made  to  the  laboratory  by  the  erection  of  a  dynamo 
laboratory  to  the  east  of  the  original  laboratory.  This 
building  was  torn  down  to  make  way  for  the  present  lec- 
ture room.  In  this  room  was  installed  a  100  hp.  McEwen 
high-speed,  tandem  compound  non-condensing  engine 
which  drove  a  three-inch  line  shaft  to  which  the  various 
machines  were  belted.  One  of  the  machines  added  about 
this  time  was  a  50  kva.  General  Electric  monocyclic  alter- 
nator. 

When  Professor  Goldsborough  was  made  head  of  the 
school  Prof.  C.  P.  Matthews  came  as  associate  professor. 
A  year  later,  in  1897,  J.  W.  Esterline  began  his  connec- 
tion with  the  University  as  an  instructor  in  Electrical 
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Laboratory.  During  the  succeeding  years,  these  two 
men  carried  on  important  research  work  along  with  their 
duties  as  teachers.  Professor  Matthews  made  extensive 
studies  of  electric  lighting  and  numerous  improvements 
in  methods  of  photometric  measurements.  Professor 
Esterline  carried  on  a  line  of  research  on  the  magnetic 
properties  of  iron  and  steel  and  invented  an  instrument 
for  making  commercial  tests. 

From  the  beginning  of  the  school  until  1898  the 
degree  awarded  graduates  in  Electrical  Engineering  was 
that  of  Bachelor  of  Mechanical  Engineering.  Ip  1898  the 
degree  was  changed  to  its  present  form,  Bachelor  of 
Science  in  Electrical  Engineering.  The  number  of  grad- 
uates in  1894  was  23.  The  number  increased  to  30  in 
1896  and  then  gradually  decreased  to  15  in  1900,  after 
which  the  number  increased  rapidly.  This  decrease  in 
the  late  90*s  was  observed  at  all  the  principal  engineer- 
ing schools. 

In  1901  the  telephone  interests  of  Indiana  became  in- 
terested in  Purdue  and  through  their  efforts  a  depart- 
ment of  Telephone  Engineering  was  established  with 
Prof.  J.  C.  Kelsey  in  charge.  Telephone  Engineering 
students  were  required  to  take  the  regular  work  of  the 
electrical  course  except  that  some  courses  given  in  the 
mechanical  and  other  schools  were  omitted  and  special 
courses  in  telephone  subjects  taken. 

During  the  Exposition  at  St.  Louis  in  1904,  the  Uni- 
versity made  an  extensive  exhibit  of  its  work,  and  Pro- 
fessors Goldsborough  and  Kelsey  spent  much  time  at  St. 
Louis  in  connection  with  the  Electrical  Engineering 
portion  of  the  exhibit.  In  1905  Professor  Goldsborough 
severed  his  connection  with  the  University  to  take  a  posi- 
tion with  the  engineering  firm  of  J.  G.  White  &  Co.  He 
was  succeeded  by  Professor  Matthews,  who  had  been 
associated  with  the  school  since  1896.  Professor  Kelsey 
was  succeeded  by  Arthur  Bessey  Smith,  who  came  in 
1905.  Prof.  A.  N.  Topping,  who  is  the  oldest  man  in  the 
point  of  service  of  the  present  staff  of  the  school,  came 
to  Purdue  in  1903. 

During  the  years  following  1900  the  number  of 
students  in  Electrical  Engineering  grew  rapidly  and  in- 
creased space  became  necessary.  The  erection  of  the 
Physics  Building  in  1904  relieved  the  congestion  some- 
what, as  the  space  used  by  the  Physics  Laboratories  be- 
came available  for  Electrical  Engineering.  In  1906  the 
construction  of  the  new  laboratory  wing  afforded  the 
relief  necessary.     The  McEwen  engine  and  the  dynamo 
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laboratory  equipment  were  installed  in  the  new  labora- 
tory in  that  year. 

In  1907,  Professor  Matthews  was  compelled  to  take 
a  leave  o^  absence  on  account  of  failing  health  and  Pro- 
fessor Esterline  became  acting  head  of  the  school.  A  trip 
to  the  west  failed  to  improve  the  health  of  Professor 
Matthews  and  he  died  in  California  during  the  school 
year  of  1907-1908.  Professor  Esterline  remained  in 
charge  of  the  school  until  the  appointment,  in  1908,  of 
Prof.  C.  Francis  Harding,  the  present  head  of  the  School 
of  Electrical  Engineering. 

In  1909  and  1910  a  number  of  improvements  were 
made  in  the  equipment  of  the  school.  The  test  car  was 
refitted  and  placed  in  service  and  the  tracks  of  the  test 
car  pit  were  connected  with  the  city  car  system.  The 
Thordardsen  high  voltage  transformer  which  was  secured 
after  the  St.  Louis  Exposition,  was  rebuilt  and  installed 
in  the  room  formerly  used  as  a  dynamo  laboratory.  Fol- 
lowing the  installation  of  the  high-voltage  transformer 
was  begun  the  series  of  investigations  of  high-voltage 
phenomena  that  have  formed  the  subjects  of  a  number  of 
scientific  and  technical  papers  by  Professor  Harding  and 
assistants. 

From  the  establishment  of  the  school  until  1901  only 
one  line  of  work  in  general  Electrical  Engineering  was 
oflFered  to  students.  After  1901  students  had  the  option 
between  the  telephone  work  and  .the  general  course.  Ad- 
ditional electives  were  offered  in  1910  giving  choice  be- 
tween Electric  Railway  Engineering,  Illuminating  Engi- 
neering, Analytical  Electrical  Engineering.  The  course 
in  Telephone  Engineering  still  continued  to  have  a  larger 
amount  of  specialized  work  than  the  other  courses  until 
1914.  when  they  were  all  placed  on  the  same  basis. 

The  most  important  changes  in  the  equipment  of  the 
school  in  recent  years  have  been  the  installation  of  a  new 
motor  generator  set  consisting  of  two  25  kw.  direct  cur- 
rent generators  direct  connected  to  a  75  hp.  synchronous 
motor  to  replace  the  steam-engine  driven  machines  in  the 
general  laboratory,  and  the  installation  of  a  new  high- 
voltage  equipment  in  1918-1919.  The  latter  equipment 
consists  of  two  135  kva.  transformers  having  a  secondary 
voltage  of  300,000  volts  each  and  is  equipped  with  very 
elaborate  control  apparatus.  A  radio  station  having  a 
range  of  about  1.000  miles  was  installed  in  1920. 

During  the  last  few  years  there  have  been  few 
changes  in  the  staff  of  the  school.  Professor  Topping  has 
been  connected  with  the  school  continuously  since  1903, 
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Professor  Harding  came  in  1908,  and  Professors  Evving, 
Still  and  Rowell  in  1912.  Professor  Curtner  began  his  con- 
nection as  an  instructor  in  1911  and  was  promoted  to 
assistant  professor  in  1920.  Professor  Achatz  came  in 
1913  and  Professor  Blalock  came  as  a  graduate  student 
assistant  in  1916  and  has  remained  here  since.  Mr.  Pugh 
and  Mr.  Bailey  joined  the  staff  in  1917  and  1920. 

Mr.  Emrick  has  acted  in  the  combined  capacity  of 
instructor  in  Electrical  Engineering  and  Director  of  the 
Purdue  University  Band  since  1908.  The  research  work 
in  electrical  engineering  is  carried  on  for  the  Engineering 
Experiment  Station  by  Mr.  K.  B.  McEachron,  who  de- 
votes a  portion  of  his  time  to  instructional  work. 


HISTORY    OF   THE    SCHOOL    OF    CIVIL    ENGI- 
NEERING 


By  Dr.  W.  K.  Hatt, 
Head  of  School  of  Civil  Engineering 

The  first  class  was  graduated  from  the  School  of 
Civil  Engineering  in  1888.  It  occupied  its  own  home  in 
the  present  Civil  Engineering  Building  in  1905.  Although 
a  comparatively  young  school  it  numbers  some  dis- 
tinguished engineers  in  its  alumni. 

The  ideal  of  the  school  is  thorough  teaching  by  pro- 
fessors, who  are  also  competent  practitioners.  The  sev- 
eral departments  of  Topographical  Engineering,  Labora- 
tory for  Testing  Materials,  Hydraulic  Laboratory,  Rail- 
road, Highway,  Sanitary  and  Structural  Engineering  are 
directed  by  men  who  are  expert  in  the  practice  work  of 
Civil  Engineering.  There  is  a  Civil  Surveying  C^amp  for 
eight  weeks  between  the  freshman  and  sophomore  years. 
This  in  connection  with  the  work  of  the  year  serves  to 
produce  a  unity  of  purpose  on  the  part  of  the  student  in 
the  school. 

The  school  maintains  active  contact  with  the  public 
works  of  the  State,  and  the  professors  give  advice  and 
other  service  to  the  various  state  departments.  The  Lab- 
oratory for  Testing  Materials  is  the  official  testing  lab- 
oratory of  the  Indiana  State  Highway  Commission.  The 
professor  of  Civil  Engineering  is  the  Indiana  State  High- 
way Engineer.  The  Department  of  Highway  Extension 
conducts  a  Road  School  each  winter  which  is  attended  by 
the  county  highway  superintendents.       The  Department 
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of  Hydraulic  and  Sanitary  Engineering  advises  the  State 
Conservation  Commission. 

The  research  work  of  the  school  is  well  known.  The 
Hydraulic  Laboratory  has  contributed  several  bulletins 
giving  the  results  of  investigation  of  sprinkler,  nozzles, 
for  sewage  purification  plants,  the  flow  of  water  through 
various  kinds  of  pipe.  A  new  form  of  parabolic  weir  has 
been  developed  for  an  automatic  metering  of  the  flow  of 
water.  The  early  researches  of  the  Laboratory  for  Test- 
ing Materials  in  the  reinforced  concrete  construction  and 
the  later  investigations  of  the  road  building  materials  of 
Indiana,  have  proved  of  value  and  have  reduced  the  cost 
of  road  construction. 

The  graduates  of  the  School  of  Civil  Engineering 
have  many  possibitities  of  professional  activity.  Many  of 
them  settle  down  and  open  engineering  offices  conduct- 
ing a  very  profitable  business.  The  staflFs  of  the  bridge 
companies  and  the  railroads  contain  many  of  our  promi- 
nent alumni.  Several  contractors  have  become  wealthy 
in  construction.  The  Public  Service  Commission,  the 
Highway  Commission  and  the  offices  of  the  city  engi- 
neers of  Indiana  are  well  supplied  with  Purdue  alumni. 
Of  late  years  graduates  have  been  developing  the  sales 
departments  of  corporations  manufacturing  materials 
entering  into  construction  and  machinery  used  in  con- 
struction. 

Thus  the  three  departments  of  Civil  Engineering 
work,  namely,  designing,  constructing  and  the  field  of 
management,  offer  attractive  fields  of  work  for  our  grad- 
uates. Those  graduates,  who  do  not  wish  to  specialize, 
are  prepared  to  conduct  private  engineering  business  and 
equipped  to  carry  on  ordinary  work  of  such  an  office,  in- 
cluding surveys,  design  of  water  works  and  sewage  sys- 
tems, design  and  construction  of  bridges,  development 
and  use  of  hydraulic  power,  survey  and  location  of  rail- 
roads, irrigation,  and  drainage. 

The  field  of  foreign  service  is  becoming  increasingly 
attractive.  Our  graduates  are  found  in  South  America, 
Philippines,  China,  Central  America  and  scattered 
throughout  the  near  East. 

The  civil  engineer  deals  with  broad  public  questions. 
In  addition  to  his  thorough  scientific  training  and  techni- 
cal preparation  he  must  communicate  his  ideas  to  boards 
of  commissioners  and  other  bodies  of  laymen.  He,  there- 
fore, needs  good  training  in  English  and  public  speaking. 
A  bridge  is  to  him  something  more  than  a  collection  of 
members  with  enough  material  to  carry  the  loads.     It 
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mast  be  pr:per!j  rclatci  t:^  the  r:cc«<5:r:c<  .^f  the  o:^n^ 
manitr.  Constnacb. :i5  icv:!vc  the  legal  ri^.ts  o:  the  :n- 
di\'idoa]  and  he  must  unierstand  the  principles  o:  en^-j- 
neermg  law. 

It  is  with  these  vari  us  iuties  :n  mind  th-at  the  c.^ur^e 
in  Civil  Engineering  has  been  desicnev!  on  a  br^Aad  Sjls:s^ 
fitting  a  man  fcr  ac:i%"ity  in  almost  any  department  of 
engineering  acairs. 

In  attendance  the  Sch->:1  of  Civil  Engineering:  hj»s 
kept  pace  with  the  lar£:est  of  the  schix^!s,  and  from  time 
to  time  has  been  among  the  three  largest  schools  in  Civil 
Engineering  in  the  United  States. 


THE  SCHOOL  OP  CHEMICAL  ENGINEERING, 
PURDUE  UNIVERSITY 


By  Pkofessok  H.  C  Peftek 
Head  of  School  of  Chemical  Engineering 

Purdue  w^s  one  of  the  pioneers  in  Chemical  Ej>gi- 
neering  in  the  United  States. 

In  1907,  a  course  of  study  was  instituted,  leading  to 
the  degree  of  Bachelor  of  Science  in  Chemical  Engineer- 
ing. 

This  course  was  the  result  of  the  work  of  a  commit- 
tee of  which  President  Stone;  Dean  Gi>ss,  of  the  Engi- 
neering Schools  and  Prof.  P.  X.  E\*ans.  of  the  Depart- 
ment of  Chemistr\-,  were  members. 

The  first  graduate  in  Chemical  Engineering  was  B. 
M.  Ferguson,  W,  sales  engineer  for  the  Graver  Corpi^^ra- 
tion,  Chicago.  E.  T.  Plank,  the  only  graduate  in  b>10,  is 
now  located  at  Birmingham,  Ala.,  as  superintendent  of 
coking  plant  for  the  Gulf  States  Steel  Co. 

In  1911  Chemical  Engineering  attained  the  status  of 
a  school  with  H.  C.  PefFer  as  its  head,  which  position  he 
still  occupies. 

The  school  has,  in  spite  of  strict  requirements,  grown 
much  beyond  the  scope  originally  intended,  and  is  now 
operating  under  the  disadvantage  of  lack  of  quarters  and 
staff. 
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The  graduates  of  the  school  are  distributed  as  fol- 
lows: 

Chemical  Engineers,  Operating,  Pro- 
duction, etc 14.2% 

Testing,  Experimental  Research  7.1'/i 

Metallurgy,    Engineers,  Superintend- 

•     ents,  Technical  Supervisors 44.9'^>^ 

Chemists,  Analytical  and  Control  15.67^ 

Research    4.17^ 

Business  6.4% 

Teaching   2.79f 

Miscellaneous   5.0% 

Chemical  Engineering  at  Purdue  is  founded  pri- 
marily on  a  thorough  training  in  the  fundamental  sub- 
jects underlying  all  engineering  and,  further,  on  the  fact 
that  leadershij)  in  specialized  lines  can  only  be  built  on 
such  a  foundation. 

It  is  maintained  by  the  leaders  in  engineering  and 
chemistry  that  the  best  practical  men  are  those  who  start 
with  a  thorough  training  in  the  fundamentals  of  their 
profession. 

The  standards  laid  down  and  maintained  in  this 
school  result  in  a  relatively  small  number  of  graduates 
well  trained  and  adapted  for  the  broad  field  and  oppor- 
tunities of  their  profession,  and  Purdue  graduates  in 
Chemical  Engineering  are  in  good  repute  wherever 
known. 
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ISOPROPYL  ALCOHOL 


By  R.  B.  Ledo,  Ch.  '17 

Laboratory  of  Chemical  Products  Division,  Standard  Oil  Co. 
(New  Jersey),  Rahway,  N.  J. 

Isopropyl  alcohol,  commercially  known  as  **PE- 
TROHpL,"  represents  the  latest  development  in  the 
petroleum  industry;  the  usage  of  a  material  heretofore 
valuable  only  as  a  fuel  and  the  advancement  of  knowl- 
edge in  that  field  of  chemistry  dealing  with  secondary 
alcohols. 

All  textbooks  of  organic  chemistry  mention  the  con- 
version of  olefin  to  alcohol  by  the  action  of  sulphuric 
acid,  giving  the  formation  of  ethyl  alcohol  from  ethylene 
as  an  example.  Isopropyl  alcohol  was  first  produced 
from  propylene  in  1857  by  Berthlot.  In'  the  early  work 
very  little,  if  anything,  was  done  towards  controlling 
conditions  to  obtain  maximum  yields. 

In  1916,  the  first  really  serious  attempt  at  studying 
this  reaction  for  commercial  application  was  started.  A 
great  difference  is  noticed  in  that  ethylene  is  hardly  at- 
tacked by  93%  sulphuric  acid  at  ordinary  temperatures, 
while  the  higher  olefins  are  readily  absorbed  even  in 
weaker  acid.  With  strong  acid,  a  side  reaction  forming 
olefin  polymers  is  aided,  but  which  can  be  controlled  by 
varying  the  acid  strength.  Several  independent  workers 
have  found  87'/  acid  to  be  most  suitable. 

The  first  raw  material  used  was  highly  cracked  gaso- 
line as  obtained  from  pressure  cracking  processes,  con- 
taining mainly  amylene  (C-TIj^)  and  hexylene  (C^H,o). 
On  treating  this  material  with  sulphuric  acid  of  a  sp.  gr. 
1.80  and  maintaining  the  temperature  near  20°C,  the  cor- 
responding secondary  alcohols  were  obtained.  These 
alcohols  proved  to  be  satisfactory  as  a  substitute  for 
fusel  oil  of  fermentation. 

During  the  war,  attention  was  called  to  the  great 
need  of  acetone  and  the  possibility  of  making  it  from 
isopropyl  alcohol.  The  oil  refineries  i)r()(luce  large 
quantities  of  gas  from  i)etroleum  distillations  and  es- 
pecially that  from  cracking  processes  contain  propylene 
(a  gas),  which  is  the  raw  material  for  iso])ropyl  alcohol. 
Work  was  therefore  started  on  using  gas  as  a  raw  ma- 
terial. Here  the  difficulty  conies  in  i)roducing  the  inti- 
mate contact  necessary  for  facilitating  the  reaction  be- 
tween a  gas  and  a  liquid.  Again,  acid  strength  and  tem- 
perature to  produce  minimum  polymerization  is  im- 
portant.    Little  headway  was  made  until  the  idea  c^f  add- 
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ing  oil  as  a  carrier,  or,  one  might  say,  as  a  catalyst  be- 
tween the  gaseous  olefin  and  acid  was  conceived.  The 
olefin  dissolves  in  the  oil  first  and  is  then  reacted  on  by 
the  acid,  the  reaction  proceeding  much  faster  due  to  the 
increased  solubility  of  the  olefin  in  the  reaction  mixture 
(composed  of  oil  and  acid),  and  the  greater  surface  of 
acid  in  contact  with  olefin.  From  here  on,  things  in  gen- 
eral picked  up  and  the  process  became  practical. 

There  can  be  no  doubt  that  the  petroleum  industry 
is  the  logical  place  for  carrying  out  this  process.  For  its 
operation  an  abundant  and  cheap  supply  of  the  raw  ma- 
terial (olefin)  must  be  had.  From  petroleum  distilla- 
tion in  the  largest  refineries,  millions  of  cubic  feet  of  gas 
are  produced  daily  which  is  all  consumed  as  fuel.  This 
gas  has  a  content  of  5%  to  30%  olefin,  depending  on  its 
source,  i.  e.,  the  nature  of  the  oil  and  the  method  of  dis- 
tillation. The  olefin  content  of  the  gas  may  be  com- 
posed of  propylene,  butylene,  amylene,  hexylene,  the 
proportions  depending  greatly  on  the  way  the  oil  is 
handled  in  distillation.  All  of  these  olefins  may  be  ab- 
sorbed by  sulphuric  acid  and  converted  to  alcohol  or 
polymer.  On  an  estimated  refining  capacity  of  the  re- 
fineries of  this  country,  156  million  cubic  feet  of  gas  are 
produced  daily.  This  is  estimated  to  have  an  olefin  con- 
tent of  9-10%  which  gives  the  estimated  possible  produc- 
tion of  260,000  gallons  of  alcohol  per  day,  consisting  of 
propyl,  butyl,  amyl,  hexyl,  and  even  higher  alcohols. 

The  chemistry  of  the  process  is  represented  by  two 
simple  equations  which  every  student  of  organic  chem- 
istry knows.  When  propylene  is  passed  into  cold  sul- 
phuric acid,  propyl  hydrogen  sulphate  results,  which  is 
relatively  unstable,  thus: 

CgHe-t-H^SO,  =  QH.OSOgH 
The      propyl      hydrogen      sulphate      when      added      to 
water,  hydrolyses  giving  isopropyl  alcohol  and  the  sul- 
phuric acid  that  we  started  with : 

CH.OSO^H-t-H^O  =-  CH.OH-t-HaSO, 
The  alcohol  may  be  distilled  off,  leaving  the  acid  behind 
to  be  reconcentrated  and  used  again.  The  first  reaction 
is  carried  out  in  a  tower  designed  to  give  good  contact 
between  the  acid  and  gas,  while  no  complicated  appa- 
ratus is  required  for  the  second  reaction.  The  mixture  of 
the  hydrogen  sulphates  (acid  extract)  as  obtained  is 
amber  in  color  and  is  of  a  syrupy  character.  When  this 
acid  extract  is  diluted  with  water,  an  oily  material  sep- 
arates on  top  which  is  composed  to  a  large  extent  of 
olefine  polymers. 
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Since  all  the  olefins  of  the  gas  react,  a  series  of  al- 
cohols are  obtained,  some  being  water  soluble  and  some 
water  insoluble,  and  by  this  difference  isopropyl  alcohol 
is  separated  from  the  higher  members  as  a  weak  water 


(W^      r?* 
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solution  and  is  then  ready  for  purification  and  distilla- 
tion. The  following  table  shows  the  change  in  boiling 
point  some  olefins  undergo  on  conversion  into  the  corre- 
sponding alcohol. 

TABLE  I. 

Alcohol 
^C  Isopropvl  ale  QH.OH  .82.4°C 
'     sec  butvl         C,H,OH  99.8° 
'     secamvl      C^H.^OH  116.  ° 
sechexyl     CeH^gOH  136.  ° 

Summing  up :  olefins  higher  than  ethylene  can  be 
converted  to  their  corresponding  alcohols  by  the  aid  of 
sulphuric  acid.  Several  workers  have  published  data 
showing  that  acid  of  1.80  sp.  gr.  gives  best  yields.  No 
two  members  of  the  olefin  series  react  the  same  towards 
sulphuric  acid,  some  tending  to  give  a  higher  polymer 


Olefin 

Propylene 

QH„ 

48. 

Butylene 

C.H, 

2.5 

Amylene 

CjHio 

36. 

Hexylene 

QH12 

69.  < 
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yield.  The  alcohols  produced  from  petroleum  olefin  are 
all  secondary  or  tertiary,  a  classification  due  to  structure. 
Their  odor  is  not  disagreeable  or  choking  like  fusel  oil 
products,  but  resemble  ethyl  alcohol  in  this  respect.  Al- 
cohols having  7,  8  and  9  carbon  atoms  have  been  pre- 
pared from  petroleum  products.  When  purified  these  high 
alcohols  possess  flower-like  odors. 

Heretofore  isopropyl  alcohol  belonged  to  the  class  of 
rare  chemicals  and  was  usually  made  on  a  laboratory 
scale  only  for  use  in  scientific  investigation.  But  now  it 
becomes  of  economic  importance.  Isopropyl  and  ethyl 
alcohol  are  so  similar  in  many  respects  that  it  is  advisable 
to  tabulate  their  physical  properties.  The  name  isopropyl 
alcohol  is  really  incorrect  and  should  be  secondary  pro- 
pyl alcohol,  but  general  usage  demands  the  first. 
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TABLE  II 

Properties  of  Ethyl  and  Isopropyl  Alcohol 
Isopropyl         Ethyl 

1.  Molecular  weight 60.06  48.05 

2  Formula CH3CnOHCH3  CH,-OH 

3.  Boiling  point  (760m/m)82.4^C-180°F    78.3°C-173°F 

4.  Specific  gravity  20V4C  .7855  .7893 

5.  Constant  boiling  mix- 

ture with  water 80.4° C-1 76.4° F  78.1  °C-1 72.5° F 

Composition  of  mixture  87.7Vf  wt.         95.6%  wt. 

91.1'/^  vol.         97.4 Vc  vol. 
Specific  gravity  of 
mixture  20°/4C  8158  .7973 

6.  Index  of  refraction 

XD/25     1.3749  1.3833 

7.  Miscibility  with  water 

8.  Heat  of  evaporation 

(B.  t.  u.  per  pound)  ....  290  423 

9.  Specific  heat  of  liquid 775  .612 

10.  Specific  heat  of  vapor 448  .453 

11.  Critical  temperature lA^.h^'C  243.1  °C 

470.3°  F  469.6°  F 

12.  Critical  pressure  (at- 

mospheres)   53  63 

13.  Heat  of  combustion 

(B.  t.  u.  per  pound)  Cy  14416     Cy  12180 

Distillation  Characteristics 

Both  alcohols  form  with  water  mixtures  of  definite 
composition  which  remain  unchanged  on  distillation  and 
have  boiling  points  lower  than  the  dry  alcohol.  Thus 
from  aqueous  solutions  of  alcohol,  only  a  certain  maxi- 
mum strength  can  be  obtained  by  rectification  (see  Table 
I  for  composition  of  low  boiling  mixture).  The  ease 
with  which  alcohol  is  brought  to  this  maximum  strength 
is  of  great  importance  to  the  user  of  alcoholic  solutions 
and  the  designer  of  rectifying  columns. 

The  curves  of  Plate  I  bring  out  this  point.  The  (A) 
curves  show  the  composition  of  the  vapor  evolved  from 
a  boiling  solution  of  a  given  strength.  Thus  for  a  liquor 
containing  lOVr  of  either  alcohol,  the  vapor  would  contain 
59%  in  the  case  of  ethyl  alcohol  and  72%  in  the  case  of 
isopropyl  alcohol.  Tlie  (B)  curves  give  90.5°C  as  the 
boiling  point  of  10%  ethyl  alcohol  and  86°  for  10%f  iso- 
propyl. 
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That  isopropyl  alcohol  is  easy  to  rectify  is  borne  out 
by  the  fact  that  by  one  distillation  through  a  rectifying 
column  practic'ally  87.7%  alcohol  is  produced,  while  with 
commercial  grain  alcohol  only  92.5%  strength  is  obtained, 
which  is  3%  below  the  low  boiling  mixture.  The  curves 
of  Plate  II  show  the  rise  in  strength  on  repeated  distilla- 
tion of  a  10%  solution  of  each  alcohol.  Here  the  product 
from  a  previous  distillation  is  redistilled  without  frac- 
tionation until  all  the  alcohol  is  over.  The  strength  of 
distillate  is  plotted  against  number  of  distillations.  The 
curve  for  isopropyl  alcohol  rises  the  faster,  and  at  the  end 
of  the  fifth  distillation  there  is  a  difference  of  5%  yet  to 
go  before  reaching  maximum  strength,  while  for  grain  al- 
cohol the  difference  is  12%.  The  (A)  curves  of  Plate  I 
show  the  same  difference  in  rapidity  of  rise.  For  original 
data  on  this  subject  refer  to  Journal  Ind.  and  Eng.  Chem- 
istry, Vol.  8,  Pg.  2607,  and  Journal  Am.  Chem.  Soc, 
May,  1921. 

One  important  difference  between  the  two  alcohols 
is  the  solvent  power  for  inorganic  salts.  While  ethyl  al- 
cohol dissolves  a  large  quantity  of  caustic  soda,  isopro- 
pyl alcohol  dissolves  but  little,  so  that  water  may  be 
readily  salted  out  of  aqueous  solutions.  Of  course,  this 
does  not  produce  absolute  alcohol,  but  a  product  of  99% 
strength  can  be  made.  This  difference  in  solvent  power 
for  caustic  serves  as  the  basis  of  a  method  for  determining 
the  proportion  of  the  two  alcohols  when  present  in  a  mix- 
ture. 

The  solvent  power  of  "PETROHOL"  for  organic 
substances  is  believed  to  be  generally  greater  than  ethyl 
alcohol.  Isopropyl  alcohol  of  91.1%  strength  dissolves 
three  times  as  much  butter  fat  as  95%  ethyl  alcohol.  So- 
lutions of  equal  weights  of  nitrocellulose  in  equal  quan- 
tities of  isopropyl  and  ethyl  acetates  show  a  decided  dif- 
ference in  viscosity,  that  of  the  isopropyl  acetate  solution 
being  higher.  In  making  up  liquid  shellac,  there  is  again 
quite  a  noticeable  difference  in  viscosity  provided  the  dry 
shellac  contained  some  shellac  wax.  This  difference  may 
be  expressed  in  terms  of  covering  power  of  the  liquid 
shellac.  By  using  3  pounds  of  shellac  to  a  gallon  of  iso- 
propyl alcohol,  the  same  covering  power  is  obtained  as 
4  pounds  per  gallon  of  grain  alcohol. 

The  toxic  effect  of  isopropyl  alcohol,  of  course,  at- 
tracts general  attention.  At  present  there  is  no  well- 
founded  research  showing  its  behavior  when  taken  in- 
ternally. One  article  reports  that  acetone  is  formed  by 
oxidation  in  the  body,  which  is  very  likely  true,  as  ace- 
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tone  is  easily  produced  by  oxidation.  For  external  use, 
no  objection  has  been  found,  several  people  reporting  it 
as  very  beneficial.  A  hand  and  face  lotion  containing 
20%  isopropyl  alcohol  has  been  used  for  more  than  a  year 
by  several  members  of  this  laboratory  without  bad  ef- 
fects. 

In  a  report  of  Dr.  I.  Macht,  of  Johns-Hopkins  Uni- 
versity, entitled  "The  Compj^r^tive  Toxicity  of  Some  Al- 
cohols/' the  following  is  given:  **The  animals  (rats)  were 
confined  in  a  chamber  containing  an  open  vessel  suitably 
screened  off  and  filled  with  the  alcohol  under  test,  so  that 
the  air  of  the  chamber  was  saturated  with  their  fumes. 
It  was  found  that  methyl  alcohol  quickly  killed  the  rats, 
the  latter  succumbing  in  a  day  or  two.  Ethyl  alcohol 
proved  fatal  also  to  the  animfils  after  exposure  to  its 
fumes  for  several  days  in  a  warm  room.  Rats  confined  in 
a  chamber  containing  an  open  vessel  with  isopropyl  alco- 
hol in  a  warm  room  were  little  affected  and  were  found 
to  be  apparently  in  normal  health  after  a  week's  ex- 
posure.'* 

As  to  chemical  properties,  isopropyl  alcohol  is  similar 
to  ethyl  alcohol,  except  that  it  possesses  those  properties 
common  to  secondary  alcohols.  Isopropyl  alcohol  de- 
hydrated with  greater  ease  by  most  dehydrating  agents  to 
propylene  or  ether.  With  strong  sulphuric  acid,  there  is 
usually  formed  polymers.  Isopropyl  ether  can  be  pre- 
pared by  the  action  of  sulphuric  acid,  but  requiring  weak- 
er acid  than  for  ethyl  ether,  also  lower  temperature. 

The  halogen  acids  unite  with  isopropyl  alcohol  with 
greater  ease  than  ethyl  alcohol,  forming  the  chloride 
iodide  or  bromide.  This  is  generally  true  of  all  secondary 
alcohols.  With  nitric  acid,  isopropyl  nitrite  is  formed, 
which  has  the  same  properties  and  effects  on  the  human 
system  as  "Sweet  Spirits  of  Nitre'*  (Ethyl  nitrite).  Iso- 
propyl alcohol  is  easily  oxidized  by  copper  catalysts  to 
acetone  in  a  relatively  pure  condition  and  with  nearly 
quantitative  yields.  The  product  obtained  passes  British 
Ordnance  specification  without  any  special  purification. 
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INDIANA'S  HIGHWAY  PROBLEM 


By  Ben  H.  Petty, 
Instructor   in   Highway  Engineering,   Purdue   University 

One  of  the  most  urgent  problems  facing  the  State  of 
Indiana  at  the  present  time  is  properly  to  construct  and 
maintain  a  system  of  highways  which  will  adequately 
handle  existing  and  near  future  traffic.  Prior  to  the  com- 
ing of  the  heavy  motor  traffic,  Indiana  ranked  among  the 
first  of  good  road  states,  primarily  because  of  the  fact 
that  she  was  richly  blessed  in  many  localities  with  depos- 
its of  excellent  gravel  and  stone  for  road  surfacing. 

Because  of  remarkable  development  of  motor  traffic 
many  present  day  practices  are  in  the  nature  of  experi- 
ments. We  strive  for  the  best  type  of  hard  surface  con- 
struction that  will  satisfactorily  and  economically  carry 
the  heavy  traffic.  As  recently  as  1909  a  motor  truck  was 
a  curiosity,  yet  at  the  present  time  there  are  approxi- 
mately 35,000  registered  in  Indiana  alone.  The  number 
of  passenger  automobiles  has  increased  more  than  ten 
times  in  the  same  period,  numbering,  around  300;000  in 
Indiana  in  1921. 

Many  states  soon  realized  the  necessity  of  meeting 
these  changed  traffic  conditions  and  created  state  high- 
way commissions  to  handle  the  problem.  Indiana  was 
slow  to  follow  suit.  Our  highway  commission  was  not 
created  until  1919,  and  has  hardly  had  time  to  get  prop- 
erly organized  and  in  efficient  working  order. 

There  are  approximately  84,400  miles  of  roads  in 
Indiana  at  the  present  time,  distributed  as  follows: 

State  Roads  3,300  miles 

County  Roads  31,300  miles 

Township  Roads  49,800  miles 

Practically  all  of  the  township  roads,  or  60  per  cent, 
of  the  total,  are  dirt  roads.  Most  of  the  county  mileage 
is  of  the  intermediate  surface  type,  gravel  or  macadam. 
The  State  mileage  includes  some  dirt  roads,  a  large  mile- 
age of  gravel  and  macadam  surfaces,  and  about  400  miles 
of  hard  surfaced  roads. 

A  study  of  the  above  statistics  brings  out  some  rath- 
er impressive  facts.  For  instance,  if  Indiana*s  total  road 
mileage  were  stretched  out  in  a  single  line,  it  would 
reach  around  the  earth  almost  three  and  one-half  times. 
The  fact  that  60  per  cent,  of  our  highways  are  dirt  roads 
will  probably  come  as  a  shock  to  a  great  many  Hoosiers, 
who  have  had  no  occasion  to  travel  on  the  roads  in  the 
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more  backward  counties  of  the  state.  In  fact,  the  total 
dirt  road  mileage  is  greater  than  60  per  cent.,  since  many 
of  the  county  roads  are  in  that  class.  Less  than  one-half  of 
one  per  cent,  of  our  highway  system  is  hard-surfaced. 
About  3,000  miles  of  highway  designated  as  State  trunk 
roads  are  yet  to  be  hard-surfaced.  If  one  takes  a  con- 
ser\'ative  present-day  estimate  of  $40,000  per  mile,  it 
would  require  $120,000,000  to  complete  the  hard-surfac- 
ing of  the  State  roads  alone,  which  is  only  about  4  per 
cent,  of  the  total  mileage. 


A  Macadam  Road  in  Good  Condition 


The  total  of  the  funds  available  for  state  highway 
construction  this  year  is  about  $5,000,000.  If  we  assume 
that  we  shall  have  an  equal  amount  each  year  for  state 
work,  it  would  require  24  years  to  complete  a  program  of 
paving  our  main  trunk  system  alone  with  hard  surfacing 
material,  such  as  concrete,  brick,  asphalt,  etc.  Thus  it 
will  be  seen  that  Indiana's  fight  to  regain  her  standing  in 
the  column  of  good  roads  states  by  virtue  of  an  adequate 
up-to-date  highway  system  is  just  in  its  beginning. 

Our  State  Highway  Commission  was  created  on 
April  18,  1919,  w^hen  Governor  Goodrich  appointed 
Messrs.  D.  C.  Jenkins,  John  T.  Oliphant,  Earl  Crawford 
and  Archy  Campbell  as  Commissioners  to  serve  one,  two, 
three  and  four  years,  respectively.  Mr.  L.  H.  Wright 
was  chosen  as  Director,  H.  K.  Bishop,  Chief  Engineer  of 
Construction,  A.  H.  Ilinkle,  Chief  Engineer  of  Mainte- 
nance, and  Mrs.  Helen  Norton-Freeman,  Chief  Clerk  of 
the  Department. 
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The  law  imposed  upon  the  Commission  the  duty  of 
laying  out  a  system  of  state  highways  which  would  reach 
every  county  seat  and  city  of  5,000  inhabitants  or  more, 
making  a  network  of  highways  to  connect  all  the  market 
centers  of  the  State.  Engineering  parties  were  set  to 
work  at  once  to  survey  the  routes  selected  for  improve- 
ment first.  Contracts  were  let  for  a  total  of  210  miles  of 
hard-surfaced  roads  to  be  constructed  during  1920.  How- 
ever, on  account  of  the  unfavorable  conditions  in  trans- 
portation, labor,  shortage  of  materials,  etc.,  this  program 
could  not  be  carried  out,  and  only  about  75  miles  were 
paved.  With  the  funds  available  this  year,  including 
Federal  Aid  appropriation,  it  is  planned  to  complete  the 
1920  program  and  extend  it  as  far  as  possible. 


A  Neglected  Gravel  Road 

The  more  notable  accomplishments  have  been  in  the 
maintenance  of  the  State  roads.  The  State  system  as 
selected  by  the  Commission  was  turned  over  to  the  State 
by  the  various  counties  at  the  beginning  of  1920.  Antici- 
pating state  control,  many  counties  had  done  but  very  lit- 
tle maintenance  work  on  the  roads  in  question  for  sever- 
al months  previous  to  this  time.  Therefore,  when  the 
State  Highway  Commission  assumed  the  task  of  main- 
tenance, the  roads  as  a  whole  were  in  poor  condition. 
Thus  the  Maintenance  Department  was  confronted  in 
many  localities  with  work  which  involved  virtual  recon- 
struction, including  widening,  ditching,  and  resurfacing. 

The  Maintenance  Department  is  organized  on  a  gang 
patrol  system.  Under  the  Chief  Engineer  of  Mainte- 
nance are  five  division  engineers,  each  in  charge  of  a  cer- 
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tain  division  of  state  roads  vnth  headquarters  at  Vinf 
cennes,  Seymour,  Greenfield,  Monticello  and  Ft.  Wayne^ 
Under  each  division  engineer  there  are  five  or  more  supj- 
erintendents,  each  in  charge  of  a  half  dozen  or  more  pa- 
trolmen, a  mechanic,  and  two  or  more  gang  foremen.  A 
patrol  is  equipped  with  a  motor  truck,  a  light  blade  gradj- 
er,  two  drags,  a  plow,  and  small  tools. 

Several  states  favor  the  "gang"  patrol  system,  while 
others  prefer  the  "one  man"  patrol  system,  in  which  a 
single  patrolman  is  responsible  for  only  seven  or  eight 
miles  of  road  and  spends  his  entire  time  on  this  limited 
section  during  the  working  season  of  the  year. 

The  funds  for  carrying  on  the  State  highway  work 
are  derived  from  three  sources:  (1)  A  maximum  tax  levy 
of  3.9  cents  per  $100  valuation  of  taxable  property ;  (2) 
All  net  receipts  fromt  registration  and  fees  derived  from 
automobile  registration  in  the  state;  (3)  State  inherit- 
ance tax.  The  first  two  sources  yield  about  two  one  one- 
half  million  dollars  each,  while  the  last  yields  about  half 
a  million. 

The  county  roads  are  maintained  under  the  direction 
of  a  county  highway  superintendent,  appointed  by  the 
county  commissioners  to  serve  two  years  at  a  salary  of 
$4.00  per  day.  A  marked  improvement  was  made  at  the 
last  legislature  in  the  law  covering  this  work.  An  amend- 
ment was  passed  providing  that,  beginning  with  1922, 
the  term  of  office  of  the  county  highway  superintendent 
shall  be  four  instead  of  two  years,  and  in  counties  with 
400  miles  or  over  of  county  roads  the  salary  shall  be  $5.00 
per  day.  The  commissioners  may  increase  this  salary  if 
in  their  judgment  it  would  be  to  the  interest  of  the  county 
to  do  so. 

Each  superintendent  is  entitled  to  an  assistant  for 
each  25  miles  of  county  roads.  These  assistants  are  sup- 
posed to  patrol  their  sections  and  keep  the  roads  properly 
dragged  and  drainage  ditches  open.  This  work  is  done 
by  team. 

The  funds  for  maintenance  of  county  roads  are  de- 
rived from  a  tax  levy  not  to  exceed  1  cent  on  each  $100 
of  valuation  for  each  10  miles  of  county  roads.  Therefore 
a  county  having  500  miles  of  roads  could  levy  a  tax  of 
50  cents  on  each  $100  valuation  of  taxable  property.  The 
state  tax  board  has  in  most  cases  reduced  the  maximum- 
levies  made  by  counties. 

The  construction  of  new  county  roads  was  greatly 
handicapped  during  the  past  season  owing  to  inability 
to  sell  the  bonds. 
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A  Dangerous  Condition— Bridge  Too  Narrow  for  the  Road 

Township  roads  are  maintained  under  the  direction 
of  the  township  trustee.  A  township  tax  not  to  exceed 
30  cents  on  each  $100  of  valuation  may  be  levied  for  road 
and  bridge  purposes. 

The  foregoing  is  a  very  brief  sketch  of  some  of  the 
problems,  organizations,  and  laws  involved  in  Indiana's 
highway  problem.  In  conclusion,  it  might  be  said  that 
the  most  urgent  problem  at  the  present  time  is  that  of 
proper  maintenance  of  our  existing  roads.  It  is  proper 
to  carry  out  a  well-planned  program  for  gradually  hard- 
surfacing  our  main  trunk  highways,  but  it  is  utter  folly 
to  rush  blindly  into  an  extravagant  program,  demanding 
all  available  funds  for  hard-surfacing  to  the  neglect  of 
maintenance  on  existing  roads,  as  some  of  our  misguided 
good  roads  enthusiasts  would  have  us  do.  The  thousands 
of  our  state  citizens  who  live  off  the  main  traveled  high- 
ways on  the  minor  gravel  and  dirt  roads  must  be  con- 
sidered in  a  just  highway  program. 

We  have  millions  of  dollars  invested  in  earth,  gravel 
and  stone  roads  and  this  investment  must  be  properly 
safeguarded  by  adequate  maintenance.  A  good  slogan 
for  Indiana  at  the  present  time  is  the  one  used  in  Wis- 
consin, "Let's  keep  what  we  have  until  we  get  more  to 
keep." 
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TECHNICAL  CONTROL  IN  INDUSTRY 


By  E.  R.  OosBY,  Ch.  '17, 
Technical  Foreman,  Almninimi  Manafactnrers,  Cleveland,  Ohio. 

Technical  Control  in  the  broader  sense  means  the 
training  of  the  practical  man  to  think  and  work  more 
scientifically  and  the  teaching  of  the  technical  man,  es- 
pecially one  just  out  of  college,  to  make  practical  applica- 
tion of  the  analv-tical  methods  of  thinking  acquired  in 
college  to  improve  quality  while  reducing  cost  of  manu- 
facture of  the  product. 

This  article  will  deal  more  with  technical  men  as  re- 
lated directly  to  management  and  production,  although 
the  basic  principles  involved  in  solving  scientific  prob- 
lems will  apply  equally  well  to  all  technical  graduates. 

Young  men  have  been  going  from  our  engineering 
schools  for  several  years  past  into  many  lines  of  indus- 
try-, but  probably  the  first  and  the  one  that  uses  scientif- 
ically trained  men  to  large  extent  has  ben  the  steel  in- 
dustry. These  men,  as  is  the  case  in  most  industries,  be- 
gin in  a  laboratory  and  work  into  the  industry  from  there. 
Chemical  industries  have  always  been  more  or  less  con- 
trolled from  the  laboratory.  In  recent  years  graduates 
have  been  put  directly  into  the  plant  on  production  jobs 
to  control  some  important  operation  of  the  work  or  to 
cut  down  losses.  Paper,  rubber,  glass,  and  numerous 
other  industries  can  be  mentioned  that  now  in  a  large 
measure  technically  control  their  production. 

It  has  been  only  in  recent  years  that  iron,  brass,  and 
especially  aluminum  foundries  maintained  any  control 
other  than  a  laboratory  to  analyze  raw  materials  and  to 
check  occasionally  the  melter's  mixtures.  Practically  the 
only  time  the  finished  product  was  checked  was  when 
some  irate  customer  complained  of  the  quality  of  deliv- 
ered castings.  Such  were  succession  of  after-thoughts 
or  cures  for  the  trouble  rather  than  preventions.  Con- 
trol should  be  a  means  for  keeping  out,  rather  than  get- 
ting out,  of  trouble. 

The  fundamental  principles  involved  in  the  scientific 
control  of  production  in  any  industry  are  the  same.  The 
scientific  method  of  attacking  any  problem  is  to  collect 
carefully  all  data  bearing  on  the  matter,  analyze  the  data, 
and  deduce  from  this  the  true  laws  which  underlie  the 
phenomenon,  test  the  results  by  experimental  determina- 
tions and  record  the  entire  proceeding.  Such  recorded  in- 
formation if  accurately  obtained  is  impersonal  or  scien- 
tific. Then  if  well  defined  rules  are  made  to  carrv-  out  these 
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deductions  which  are  of  ^uch  vital  importance  to  the 
process  the  problem  will  stay  solved. 

The  basic  principles  are  abstract  and  hold  true  re- 
gardless of  the  human  element,  though  of  course  the  ef- 
fectiveness with  which  these  principles  may  be  applied 
depends  greatly  upon  the  latter  factor.  The  graduate 
student  will  find  upon  entering  the  employ  of  any  con- 
cern, that  he  must  first  get  the  co-operation  of  the  men 
with  whom  he  is  associated.  This  co-operation  includes 
the  workmen,  foremen,  and  superintendents,  and  indi- 
rectly the  manager.  One  is  always  confronted  with  the 
fact  that  all  are  more  or  less  prejudiced  against  any 
change  from  an  old  well  established  practice.  The  ma- 
jority work  by  the  "rule  of  thumb"  method.  A  great 
deal  of  ingenuity  and  practice  is  required  to  win  their 
confidence. 

A  good  course  in  practical  psychology  would  be 
worth  while  in  any  engineering  curriculum.  The  power 
of  suggestion  is  ian  important  factor  in  winning  the 
workman  to  new  ideas.  The  workers*  and  foremen's  ideas 
can  be  made  to  conform  identically  with  the  technically 
trained  man's  original  idea  if  the  workers  are  g^ven  the 
logical  suggestions  and  their  ideas  directed  to  that  one 
end.  The  worker  must  be  made  to  know  at, the  begin- 
ning that  the  college  man  is  to  be  a  help  to  him  and  not  a 
hindrance.  The  college  man  must  realize  at  the  start 
that  he  is  to  get  some  valuable  information  from  the 
worker.  From  this  information  he  should  be  able  to  make 
analytical  deductions  that  the  worker  is  unable  to  make, 
and  accomplish  the  end  he  has  in  view.  The  worker 
must  be  made  to  see,  however,  that  he  in  like  manner  is 
materially  benefited.  It  has  been  said  that,  after  all,  a 
college  man's  success  depends  upon  five  per  cent  college 
education  and  ninety-five  per  cent  well  directed  common 
sense.  It  seems  to  me  that  the  biggest  factors  obtained  in 
college  are  the  analytical  training  of  the  mind,  the  asso- 
ciation of  men,  and  a  determination  to  complete  success- 
fully any  task.  Such  a  training  enables  one  to  think 
straight  and  draw  logical  conclusions.  He  should  not 
only  be  able  then  to  do  his  own  work  in  the  one  best 
way,  but  also  convey  these  principles  to  men  with  whom 
he  is  associated. 

The  underlying  principle  of  industrial  management, 
"the  one  best  way  to  perform  an  operation,"  is  merely 
the  scientific  way  of  attacking  a  production  problem. 
Technical  control  may  be  considered  an  outgrowth  of 
time  study  and  industrial  management.  Further  discus- 
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sion  in  this  article  will  be  confined  to  the  development 
and  use  of  technical  control  in  foundries,  but  the  basic 
principles  can  be  applied  to  the  control  of  any  manufac- 
turingj>rocess. 

A  laboratory  is  first  maintained  to  analyze  raw  ma- 
terial, in  order  to  check  purchase  specifications.  The 
analyses  of  materials  gives  the  foundry  man  an  idea  as 
to  the  grades  of  material  he  has,  and  from  these  he 
roughly  mixes  his  alloys  to  conform  with  some  standard 
alloy.  More  often  he  mixes  his  metals  by  judging  the 
composition  of  individual  ingredients  by  external  ap- 
pearance or  fracture.  Formerly  the  laboratory  was  used 
only  as  an  afterthought  when  a  source  of  trouble  arose. 
The  chemist  was  looked  upon  to  find  out  the  mysterious 
— only  the  things  the  practical  man  knew  nothing  of.  It 
was  very  common  practice  for  the  foundryman  to  give 
orders  to  his  melters  to  make  up  his  charge  using  one  in- 
got of  one  lot,  two  ingots  of  another,  and  a  box  of  scrap, 
thus  expecting  his  mixture  to  conform  with  a  standard 
alloy.  By  taking  advantage  of  the  opportunities  offered 
in  helping  the  foundryman  out  of  difficulties  the  engineer 
was  able  to  acquire  knowledge  of  founding  and  convince 
him  he  was  of  more  use  than  merely  chasing  molecules 
out  of  solution.  Thus  he  gradually  worked  his  way  into 
the  foundry.  By  careful  observations  and  applications  of 
scientific  methods  to  the  betterment  of  existing  condi- 
tions the  engineer  soon  becomes  the  nucleus  of  a  techni- 
cal organization  which  controls  not  only  the  raw  ma- 
terials, but  each  part  of  the  process  of  fabrication. 

The  raw  material  problem  is  attacked  first  because 
of  troubles  which  are  due  to  the  variation  in  quality  of 
purchased  material  for  which  the  man  in  the  plant  can 
not  be  held  responsible.  Mixtures  are  controlled  direct 
from  the  laboratory  by  written  instructions  to  the  melt- 
ing foreman  on  charge  sheets  showing  the  pounds  of 
each  lot  or  grade  of  metal  to  be  used  in  each  charge  so  as 
to  produce  the  chemical  composition  desired  in  the  alloy. 
A  copy  is  also  filed  in  the  office.  As  the  metal  is  charged 
to  the  furnaces  the  weights  are  recorded  on  a  delivery 
sheet.  At  the  end  of  the  day  such  sheet  is  taken  up  by 
the  metal  stores  clerk  w^ho  makes  out  a  daily  metal  room 
record  which  shows  the  total  amounts  of  various  kinds 
of  metals  used  in  each  alloy  as  well  as  all  metals  re- 
ceived. This  record  is  a  perpetual  inventory  of  metals  on 
hand  at  the  beginning  and  end  of  each  day. 
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Such  control  insures  a  uniform  alloy  which  can  be 
made  to  meet  chemical  specifications,  as  the  following 
results  for  the  year  on  a  standard  alloy  show : 
The  control  aimed  at  was : 
Element  A  7.5% 
Element  B  1.5% 
Element  C  1.2% 
Average  of  350  analyses : 
Element  A  7.47% 
Element  B  1.62% 
Element  C  1.33% 
In  addition  to  making  a  uniform  product  such  a  con- 
trol is  instrumental  in  reducing  the  cost  of  manufactur- 
ing due  tb  the  efficient  use  of  various  grades  of  raw  ma- 
terial and  reclaimed  industrial  waste. 

However,  chemical  composition  is  only  the  first  step 
in  the  production  of  castings  which  will  meet  physical 
specifications ;  consequently  melting  conditions  and  prac- 
tice should  be  studied  with  a  view  to  establishing  a  stand- 
ard melting  practice.  Such  a  practice  involves  an  effi- 
cient pyrometric  control  and  also  a  complete  record  of  the 
metal  from  the  time  it  leaves  the  charging  floor  until  it 
is  poured  from  the  furnace. 

Not  only  is  the  furnace  room  control  a  safeguard 
against  overheated  and  soaked  metal,  but  it  is  also  a 
means  of  increasing  production  per  furnace,  inasmuch  as 
the  furnaces  are  poured  as  soon  as  the  ready  signal  is 
given  by  the  operator. 

Remelted  metal  and  foundry  return  scrap  are  im- 
portant factors  in  the  metal  charged  to  the  furnace  and 
the  technical  man  maintains  a  complete  check  on  these 
proportions  by  means  of  the  control  records. 

In  order  that  metal  may  be  transferred  from  the 
furnace  to  the  mold  with  the  least  loss  of  heat  and  time, 
a  pouring  control  is  maintained  on  each  job  in  the  foun- 
dry. By  observation  and  recording  data  the  technical 
department  has  established  the  correct  pouring  tempera- 
ture for  each  kind  of  casting,  which  is  posted  at  each  sta- 
tion, and  this  temperature  must  be  maintained. 

When  the  metal  arrives  at  the  pouring  station,  the 
time,  the  temperature,  and  the  furnace  from  which  the 
metal  comes  are  recorded.  The  metal  is  poured  at  the 
standardized  temperature  for  each  casting.  The  time  and 
temperature  at  which  the  casting  is  poured  are  then  re- 
corded, together  with  the  casting  number  and  job  num- 
ber. Thus  a  complete  record  of  the  history  of  the  casting  ^ 
from  the  time  the  metal  is  received  into  the  plant  can  be 
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obtained  by  reference  to  the  serial  number  on  the  cast- 
ing. This  is  an  important  factor  in  attributing  cause  for 
complaints  which  are  sometimes  made  several  months 
later.  As  an  additional  check  on  the  quality  of  the  prod- 
uct, and  in  order  to  see  that  the  standards  of  mixing, 
melting,  and  pouring  have  been  maintained,  tensile 
strength  tests  are  made  on  each  alloy  daily,  as  well  as 
chemical  analyses  taken  from  a  test  bar  sample.  A  sum- 
mary of  these  checks  is  made  monthly  and  also  yearly. 
A  summary  of  physical  tests  on  No.  12  alloy  for  the 
year  1920,  indicates  the  results  of  control. 

Speci-  Specified  %  falling 


fied 

Mini- 

below 

Average  M  in- 
Average          Elonga-  imum 
Tensile  Strength         tion       T.  S. 
!0,800  lbs.  per  sq.  in,  1.7%    19,000 

mum 
Elonga- 
tion 
1.0% 

19,000  lbs 

Tensile 

Strength 

1% 

The  next  step  in  control  is  the  reduction  of  plant  de- 
fective losses.  It  is  a  trying  task  to  introduce  any  meth- 
od of  molding  which  is  new.  The  old  foundryman  re- 
sents the  invasion  of  his  field  with  anything  that  might 
unveil  the  mystery  with  which  it  is  surrounded.  After  ex- 
hausting his  resources  the  molder  invariably  blames  the 
metal  for  the  cause  of  his  troubles.  The  metallurgist  is 
called  from  the  laboratory  and  willingly  shoulders  the 
burden  of  proof.  Since  he  has  a^complete  record  of  the 
metal  in  the  casting  it  is  easy  to  ascertain  whether  stand- 
ard practice  has  been  followed.  A  majority  of  such  ac- 
cusations have  no  grounding  and  the  difficulty  can  be 
overcome  by  a  change  in  molding  practice.  Thus  the 
technical  man  is  able  to  co-operate  for  the  production  of 
castings  with  a  reduction  of  defective  loss. 

If  careful  analytical  deductions  are  made  from  close 
observation  of  the  results  of  logical  experiments  and  ac- 
curate record  made  of  same,  the  one  best  way  to  make  the 
casting  in  question  can  be  determined.  Alteration  records 
are  kept,  giving  each  change  made  on  the  job  under 
study,  and  also  reasons  for  the  change  and  results.  In 
many  cases  photographs  are  taken  as  a  means  of  record- 
ing the  method  used.  A  daily  and  cumulative  defective 
report  is  kept  of  the  job  under  consideration,  analyzing 
the  defects  and  giving  the  per  cent  attributed  to  each. 
Such  a  record  shows  a  progressive  result  of  the  scientific 
deductions  carried  out. 

The  following  data  shows  the  results  of  applying 
technical  control  to  specific  jobs  in  the  foundry,  compar- 
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ing  the  per  cent  defective  for  equal  periods  before  and 
after  the  control  was  established, 

%  Defective 
Job  Before  control    After  control  established 

1  45.2%  19.1% 

2  24.0%  12.0% 

3  48.07o  19.0% 

4  17.3%  8.3% 

It  has  not  been,  until  very  recent  date,  that  the  prac- 
tical foundryman  has  realized  that  the  scientific  control 
of  core  making  could  mean  much  to  the  foundry.  De- 
fective losses  often  attributed  to  other  sources  are  due 
to  bad  cores. 

The  factors  entering  into  the  making  of  the  "best" 
core  require  equally  as  much  control  as  that  of  the  alloy- 
ing and  molding  practice.  The  core  mixtures  must  first 
be  as  economical  as  is  consistent  with  the  uniformity  of 
hardness.  The  ingredients  making  up  the  core  should 
first  be  analyzed  and  proportioned  properly.  Close 
analysis  of  the  problem  shows  that  certain  outstanding 
variables  must  be  reckoned  with,  such  as  the  binder  in 
the  old  sand,  the  natural  bond  in  the  new  sand  and,  es- 
pecially, the  moisture  content.  Ramming  is  also  an  im- 
portant factor  affecting  the  hardness  of  cores  and  is  the 
one  that  is  largely  dependent  upon  the  human  element. 
Baking  time  and  temperature  is  another  important  fac- 
tor in  the  production  of  good  cores,  and  the  ovens  should 
be  provided  with  an  indicator  so  that  the  temperature  of 
any  oven  may  be  read  by  the  oven  tender.  Standardized 
test  cores  are  made  and  tested  daily  under  compression 
on  an  Olsen  testing  machine,  a  process  which  gives  the 
crushing  strength  of  the  mixtures  and  a  comparison  of 
the  hardness  of  the  cores. 

The  development  of  technical  control  has  changed 
the  attitude  of  the  workers  from  the  old  "rule  of  thumb" 
method  to  a  scientific  way  of  thinking  and  working.  If  is 
doubtful  whether  the  present  workers  in  our  plant  could 
do  their  work  without  the  technical  methods  now  em- 
ployed. 

The  good  of  technical  control  is  further  evidenced  by 
the  fact  that  this  past  winter  the  superintendent  of  our 
plant  has  conducted  a  foreman's  and  production  man's 
school.  This  school  or,  rather,  club  meets  twice  per  month 
and  discusses  foundry  problems,  the  majority  of  which 
are  technical  in  nature.  The  last  hour  is  devoted  to  prob- 
lems in  mechanical  drawing  to  familiarize  the  men  with 
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blue  prints  and  patterns.  This  scliool  is,  ho  doubt,  the 
outgrowth  of  the  interest  of  the  men  in  scientific  meth- 
ods. At  least  this  school  linked  with  technical  control 
has  produced  thinkers  on  the  job.  Therefore,  it  can  be 
said  that  the  value  of  control  in  any  industry  is  not  only 
the  establishment  of  measuring  variables  which  have 
heretofore  been  considered  impracticable,  but,  what  is 
more  important,  the  sowing  of  the  seeds  of  analytical 
methods  of  thinking  in  the  minds  of  associates  and  work- 
ers. 


Digitized  by 


Google 


44  Purdue  Engineering  Review 

THE    PURIFICATION    OF    STEAM    TURBINE 
LUBRICATING  OIL 


By  E.  M.  May,  '02, 
Manager,  New  York  Office  of  the  Richardson-Phenix  Co. 

While  bearing  pressures  in  horizontal  steam  turbines 
are  relatively  low,  the  journal  speed  is  higher  than  in  any 
other  type  of  prime  mover  and  is  accompanied  by  high 
temperature  conducted  to  the  bearings  from  the  steam 
end.  It  is  almost  imperative  that  the  oil  film  in  the  bear- 
ings should  never  be  broken  and  with  this  end  in  view  all 
modern  turbines  are  equipped  with  a  self-contained  pres- 
sure oil  circulating  system.  This  system  not  only  pro- 
vides effective  lubrication  for  the  main  and  thrust  bear- 
ings, but  also  serves  to  carry  off  heat  generated  in  the 
bearings  and  in  some  makes  of  turbines  with  oil  relay 
governors,  oil  under  pressure  is  supplied  by  a  circulating 
system  for  regulating  the  speed  of  the  turbine.  In  cases 
where  the  oil  film  in  the  bearings  has  been  broken  the 
damage  has  always  been  very  severe,  resulting  not  only 
in  burnt-out  bearings  but  also  in  extensive  dafnage  to  the 
blading  and  spindle,  due  to  the  unbalancing  effect  on  the 
spindle  caused  by  vibration  which  is  set  up  by  the  friction 
in  the  bearings. 

The  trend  in  turbine  design  and  operating  practice 
imposes  increasingly  severe  conditions  upon  the  lubri- 
cant. The  tendencies  are  towards  higher  steam  pressures 
and  higher  superheat,  giving  greater  temperatures  to  the 
bearings  adjacent  to  the  high  pressure  end  of  the  unit. 
Bearing  pressures  are  likely  to  go  up  and  not  down.  Mod- 
ern power  plant  economics  demand  that  turbines  be  run 
for  long  continuous  periods  at  or  near  their  most  eco- 
nomical load.  The  number  of  very  large  turbines  in- 
creases owing  to  the  lowering  of  water  rate  by  size  alone 
up  to  certain  limits,  and  thus  the  investment  in  an  eani- 
ing  power  of  such  machines  must  be  carefully  and  ade- 
quately insured  against  shutdowns  and  damage.  This 
particularly  applies  to  lubrication,  which  is  one  of  the 
most  vulnerable  features  of  operation.  There  must  be 
continuously  maintained  the  widest  possible  margin  of 
safety  with  the  oil. 

Steam  turbine  lubricating  oil  producers  have  suc- 
ceeded in  making  an  oil  highly  suited  for  these  special 
needs.  Therefore,  the  problem  of  continuously  maintain- 
ing the  lubricating  oil  in  first-^lass  condition  is  limited 
particularly  to  keeping  the  oil  clean  and  dissipating  the 
heat  which  it  absorbs.  * 
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The  oil  circulating  system  is  practically  the  same  on 
all  makes  of  turbines.  The  oil  is  supplied  under  pressure 
at  the  middle  of  each  bearing  and  flows  out  at  the  ends. 
It  returns  by  gravity  to  the  oil  reservoir  located  in  the 
base  of  the  unit.  A  rotary  or  other  suitable  pump,  usually 
driven  from  the  main  spindle  of  the  turbine,  forces  the  oil 
from  the  reservoir  through  the  oil  cooler  and  thence  to 
the  piping  leading  to  the  bearings,  of  which  there  are 
usually  four  main  bearings  and  one  thrust  bearing.    All 

z 
o 


a- 

cCoNTINUOUS  By-  pAi 

iS. 

E 

^  a/I 

\ 

^^*- 

^ 

^s 

X 

\ 

^ 

"v 

*, 

>  90 

\ 

^.v 

s; 

\ 

V 

\ 

*\ 

\ 

\ 

\ 

\ 

2  Off 

'^x 

>N 

^^ 

V 

-B 

AT 

:h 

*. 

V 

\ 

c: 

^s 

D 

^^ 

\. 

\ 

;S. 

/El 

TE 

NIN 

6 

^50 

V4A 

No 

Tri 

AT 

ME 

MT- 

^ 

•> 

-Arl 

:> 

N 

K 

c 

-1  nv 

A 

V 

N 

\ 

> 

\. 

s 

\ 

O  on 

\ 

s 

/ 

\ 

s 

w 

\ 

s 

t  10 

^N 

k 

AK 

el 

pN 

\ 

\ 

\ 

\, 

N^ 

B 

N 

\ 

> 

t 

> 

1 

5 

i 

i 

5 

( 

5 

r 

t 

J 

5 

3 

Length  Of  Time  Oil  Is  Im  Turbine 
Continuous  By- Pass  System. 


Batch  System,-Monthly  Inter\/als. 

-5WE£TENINS  PROCESS."  EVERY  5lX  WEEKS 

''Make-Up* PROCESSrEvERY  Month. 
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turbines  are  equipped  with  an  auxiliary  or  stand-by  pump 
to  use  in  case  of  emergency,  should  the  main  pump  for 
any  reason  fail  to  deliver  the  required  pressure  and  vol- 
ume. 

Great  care  has  been  exercised  in  the  design  of  the 
bearings  to  permit  operation  at  high  speed,  as  many  of 
the  advantages  of  a  steam  turbine  are  secured  from  this 
feature.  Special  attention  must  be  given  to  the  selection 
and  care  of  lubricating  oil.  A  properly  lubricated  high 
speed  bearing  will  not  cause  any  more  trouble  than  the 
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low  speed  bearing.  Oil  pressures  in  bearings  vary  from 
2  pounds  to  15  pounds  per  square  inch,  depending  upon 
the  make  and  size  of  the  turbine.  The  bearing  tempera- 
tures sometimes  reach  180^  F.,  with  130°  F.  being  a  good 
normal  operating  temperature.  The  oil  should  be  a  pure 
petroleum  product  properly  refined  and  with  no  admix- 
ture of  any  compound  not  derived  from  crude  petroleum. 
The  open  cup  flash  point  should  not  be  below  315°  F.  and 
the  viscosity  at  100°  F.  should  range  from  150  to  310  sec- 
onds, Saybolt  viscosimeter. 

Most  engineers  are  careful  to  select  the  best  turbine 
lubricating  oil  to  meet  their  conditions,  but  unless  this 
oil  is  kept  in  shape,  its  lubricating  value  soon  drops  be- 
low that  of  a  low  grade  oil.  It  is  therefore  obvious  that 
it  is  best  to  procure  the  highest  grade  of  oil  and  to  pro- 
vide means  to  keep  it  in  first-class  condition  continually. 

Assuming  that  the  lubrication  of  a  turbine  is  started 
with  a  high  grade  oil  of  the  above  specifications,  we  wiU 
analyze  the  possible  sources  of  trouble. 

The  first  of  these  is  rapid  circulation,  which  varies 
from  seven  to  forty  times  per  hour,  depending  on  the  size 
and  make  of  the  unit.  This  does  not  give  the  oil  an  op- 
portunity to  precipitate  moisture  or  foreign  matter  picked 
up  in  its  circulation,  nor  will  it  allow  the  elimination  of 
air  which  may  have  found  its  way  into  the  oil. 

Moisture  gets  into  the  oil  in  various  manners,  in 
spite  of  the  precaution  taken  by  manufacturers.'  Some- 
times St  leaks  through  the  packing  glands  or  it  may  be 
due  to  condensation  of  moisture  in  the  air  when  it  comes 
in  contact  with  the  cool  metal  surfaces  of  the  turbine  oil- 
ing system.  Very  often  there  are  water  leakages  in  the 
oil  cooler  and  in  some  makes  of  turbines  the  bearing 
shells  are  water  cooled,  and  leakage  sometimes  permits 
this  water  to  enter  the  oiling  system. 

The  combination  of  water,  air,  heat,  and  the  rapid 
circulation  causes  the  oil  to  oxidize  and  readily  form  an 
emulsion,  which  results  in  a  brownish  colored  sediment, 
most  of  which  remains  in  suspension  in  the  circulating 
system,  if  not  continuously  removed.  It  is  important  that 
not  too  heavy  an  oil  be  used  so  that  no  heat  is  generated, 
due  to  the  internal  or  fluid  friction  of  the  oil  itself,  be- 
cause this  will  not  only  cause  oil  trouble,  but  also  a  loss 
in  power. 

If  water  and  air  are  continually  removed  from  the 
oil,  an  emulsion,  which  is  a  mixture  of  water,  air,  and 
other  foreign  matter,  will  not  accumulate. 
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One  of  the  most  natural  causes  of  trouble  in  lubricat- 
ing a  steam  turbine  is  due  to  emulsification  of  the  oil,  par- 
ticularly when  other  impurities,  such  as  grit  and  dirt,  are 
present.  This  emulsion  takes  up  dirt,  particles  of  metal, 
and  other  foreign  substances,  and  holds  them  in  suspen- 
sion so  that  they  cannot  readily  precipitate. 

Emulsion  increases  at  an  accelerating  rate,  once  a 
small  amount  has  accumulated,  and  finally  becomes  so 
thick  that  a  "sludge"  or  "muck"  will  settle  out  and  de- 
posit on  the  cooling  coils  and  in  the  oil  passages  and  thus 
cause  a  dangerous  rise  in  temperature  of  the  entire  body 
of  oil  in  the  system. 

The  formation  of  organic  acids  caused  by  the  oxida- 
tion of  the  unsaturated  compounds  containing  sulphur, 
nitrogen,  and  oxygen,  is  the  first  step  in  deterioration  of 
steam  turbine  oil.  This  oxidation  is  greatly  assisted  by 
the  presence  of  small  particles  of  oxidized  metals,  dirt,  or 
dust,  which  apparently  act  as  catalytic  agents  absorbing 
oxygen  and  feeding  it  to  the  oil.  The  organic  acids,  be- 
ifig  subjected  to  heat  and  pressure,  are  polymerized  into 
both  soluble  and  insoluble  matter. 

The  so-called  sulphonic  acids  are  formed  because  of 
the  treatment  of  the  oil  with  sulphuric  acid  in  refining, 
and  unless  these  are  entirely  removed  in  the  subsequent 
refining  operations  they  will  be  broken  down  by  the  ac- 
tion of  water  and  one  of  the  resulting  products  is  sul- 
phuric acid.  The  presence  of  these  acids  increases  the 
rate  of  oxidation  of  the  oil,  which  in  turn  increases  the 
tendency  to  form  emulsions  with  water. 

If  continuous  purification  is  carried  on,  the  acid  con- 
tent of  the  oils  after  years  of  service  is  less  than  1%,  as 
the  acid  is  entrapped  in  the  impurities  in  the  oil  and  con- 
tinually removed. 

A  number  of  methods  of  maintaining  the  quality  of 
turbine  oil  have  been  tried  and  the  following  shows  step 
by  step  how  the  solution  of  the  problem  was  reached. 

Adding  Make-up  Oil  and  Sweetening 

To  make  up  for  the  oil  lost  by  evaporation  or  leak- 
age or  withdrawing  from  the  turbine  oil  reservoir  a  cer- 
tain amount  periodically  and  adding  enough  new  oil  to 
replace  the  amount  so  lost  or  removed,  were  the  first 
steps  to  keep  the  oil  in  good  condition.  It  was  found  that 
these  methods  were  not  effective  because  the  impurities, 
such  as  emulsion,,  sludge,  water,  etc.,  were  not  removed 
entirely,  but  merely  diluted. 
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Fig.  1  shows  graphically,  the  results  of  the  various 
methods  of  purifyir^g  turbine  oils.  Curve  "A"  indicates 
the  deterioration  of  oil  without  any  attempt  at  purifica- 
tion. Assuming  that  new  oil  has  100%  lubricating  value 
and  is  used  continually  without  any  attention,  curve  "A" 
would  indicate  what  takes  place.  The  lubricating  value 
of  an  oil  will  decrease  until  the  danger  point  has  been 


Figure   2 

reached  and  it  must  then  be  removed  and  new  oil  put 
into  the  system. 

Adding  make-up  slightly  prolongs  the  life  of  the  oil, 
as  shown  by  curve  "B."  Sweetening  as  shown  in  curve 
"C"  is  little  more  effective  than  adding  make-up,  as  it  is 
only  a  question  of  time  before  the  whole  charge  of  oil  is 
unfit  for  use,  because  the  impurities  are  not  entirely  re- 
moved. 

Batch  Filtration 

The  next  step  is  represented  by  curve  "D,''  which 
shows  the  results  of  batch  filtration  and  is  an  improve- 
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ment  over  methods  represented  by  curves  "B"  and  "C." 
Batch  filtration  means  withdrawing  the  entire  oil  charge 
from  the  lubricating  system  of  the  turbine  at  certain  in- 
tervals, usually  in  the  judgment  of  the  operator.  This 
used  oil  is  immediately  replaced  by  a  fresh  supply  of 
clean  oil  and  the  used  oil  is  subjected  to  a  purification 
process  which  consists  of  heating  the  oil  to  a  high  tem- 
perature, precipitation,  or  possibly  chemical  treat- 
ment, etc. 

The  objectionable  features  to  this  method  are  that  it 
is  necessary  to  shut  down  the  unit  each  time  the  oil  is  to 
be  changed,  and  that  this  operation  is  left  to  the  discre- 
tion of  the  operator.  Invariably  the  oil  is  kept  in  .the  lu- 
bricating system  for  an  excessive  length  of  time  making  it 
unfit  for  use,  with  considerable  risk  of  endangering  the 
turbine.  Furthermore,  this  system  being  intermittent, 
the  duties  of  its  operation  cannot  be  performed  by  the 
personnel  as  efficiently  as  if  it  were  assigned  to  a  group  of 
men  continually  engaged  in  this  work. 

Batch  filtration  is  accomplished  in  two  ways,  that  is, 
by  means  of  a  gravity  type  oil  filter  or  a  centrifugal  sep- 
arator, of  both  types  of  which  there  are  several  makes  on 
the  market.  With  either  one  of  these  methods  it  is  neces- 
sary to  subject  the  oil  to  violent  treatment  in  order  to 
remove  effectively  the  impurities  that  have  accumulated. 

First,  it  must  be  heated  to  a  high  temperature  to 
bring  about  the  greatest  difference  possible  between  the 
specific  gravity  of  the  oil  and  the  impurities  to  be  re- 
moved. If  a  centrifugal  purifier  is.  used,  tankage  must  be 
provided  to  hold  the  clean  and  the  dirty  oil. 

Formerly  when  considering  the  matter  of  purifying 
turbine  oil,  the  average  engineer  always  had  in  mind  oil 
in  its  very  worst  condition.  By  a  simple  method  now 
commonly  used,  the  moisture  and  other  impurities  which 
cause  emulsion  and  sludge  can  be  continually  removed. 
It  has  been  found  that  emulsion  cannot  take  place  if  the 
impurities  which  cause  it  are  removed  as  fast  as  they  oc- 
cur, and  sludge  will  only  form  as  the  emulsion  builds  up. 
The  sludge  is  the  product  of  emulsion  in  the  form  of  a 
thick  and  viscous  coagulation  which  retains  most  of  the 
impurities  which  have  come  in  contact  with  the  oil.  If 
emulsion  is  prevented  sludge  will  not  form. 

Continuous  Filtration 

In  this  system  the  oil  leaving  the  bearings  is  filtered 
before  it  is  returned  to  the  turbine  oil  reservoir  and  is 
most  positive  and  effective  in  maintaining  the  quality  of 
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the  oil.  However,  the  objection  to  such  a  system,  espe- 
cially for  large  units  which  require  the  handling  of  a  great 
volume  of  oil,  are  the  size  of  the  filtering  equipment  and 
oil  pumps  and  the  space  which  they  occupy,  as  well  as  the 
cost  of  installation. 

Continuous  By-Pass  System 

Curve  E,  Fig.  1,  shows  graphically  what  is  ac- 
complished with  this  type  cjf  system  and  which  makes  it 
possible  to  use  the  oil  continuously  and  maintain  a  lubri- 
cating value  equal  to  new  oil.  Thus,  an  oil  of  the  very 
highest  grade  can  be  used  economically  because  the  oil 
in  the  system  becomes  an  investment  and  not  an  expense. 

A  small  amount  of  oil  must,  of  course,  be  added  from 
time  to  time  to  take  care  of  the  loss  due  to  evaporation, 
leakage,  etc.,  but  what  the  limit  of  tjie  useful  life  of  a  tur- 
bine oil  is  when  purified  by  this  continuous  by-pass  sys- 
tem is  not  yet  known. 

Turbines  operating  with  this  system  have  been  in 
service  for  two  and  a  half  to  three  years,  continuously 
using  the  original  oil,  with  a  slight  amount  added  for 
make-up,  and  analyses  show  that  there  is  no  deterioration 
in  the  lubricating  properties.  Fig.  2  shows  the  applica- 
tion of  the  continuous  by-pass  system,  and  the  first  im- 
pression is  that  of  its  extreme  simplicity,  as  it  consists 
of  a  gravity  oil  filter,  an  oil  pump,  and  a  vented  sight 
overflow  fitting,  and  a  small  amount  of  pipe  and  fittings. 

The  system  is  trouble-proof,  as  stoppage  of  the  pump, 
or  filter,  or  both,  simply  leaves  the  turbine  to  operate  the 
same  as  it  would  without  the  system.  The  oil  level  in  the 
turbine  reservoir  is  automatically  maintained,  as  the  level 
of  the  overflow  pipe  is  permanently  set  to  correspond  to 
the  desired  level  of  oil  in  the  reservoir.  The  outflow  of 
oil  to  the  filter  is  absolutely  controlled  by  the  amount  of 
oil  delivered  to  the  turbine  oil  reservoir  from  the  filter  by 
the  pump,  as  the  overflow  fitting  is  vented  to  prevent 
siphoning. 

The  reason  that  this  system  has  proved  so  successful 
and  is  now  almost  universally  used  is,  that  it  continually 
removes  the  agencies  which,  if  allowed  to  accumulate, 
would  cause  the  oil  to  emulsify  and  break  down.  With 
proper  oil  and  clean  circulating  system  there  is  no  de- 
terioration because  of  rapid  circulation  which  keeps  im- 
purities in  suspension,  as  the  purification  of  the  whole  oil 
charge  is  so  frequent  that  no  sludge  or  muck  accumu- 
lates. It  is  customary  to  by-pass  all  of  the  oil  content  in 
the  turbine  through  the  filter  about  once  every  hour. 
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Analyses  of  oil  taken  from  any  part  of  the  reservoir  or 
circulating  system  show  the  oil  to  be  of  good  uniform 
quality  with  lubricating  value  equal  to  that  of  new  oil. 

By  continuous  by-pass  purification  the  total  content 
of  sludge  and  liquid  impurities  distributed  throughout 
the  large  volume  of  oil  in  the  system  is  so  small  as  to  be 
negligible.    This  is  shown  graphically  by  Cur\'e  E,  Fig.  1. 

Another  advantage  is  that  the  oil  contained  in  the 
filter  increases  the  total  amount  of  oil  in  the  system, 
which  results  in  less  work  per  gallon  of  oil.  It  also  pro- 
vides an  effective  safety  device  in  case  of  excessive  water 
leakage  and  is  insurance  against  lubrication  troubles  at  a 
cost  which  is  insignificant  when  compared  with  that  of 
the  turbine  which  it  protects. 
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A  PLANT  FOR  THE  COLLECTION,   PURIFICA- 
TION AND  TUBING  OF  NITON  (RADIUM 
EMANATION)  FROM  A  RADIUM 
SOLUTION 


By  Arthur  L.  Miller,  Ch.  E.  '14, 

Assistant  Chief  Physicist  with  Standard  Chemical 
Co.,  Pittsburgh,  Pa. 

The  apparently  impossible  task  of  collecting,  puri- 
fying, and  tubing  the  heaviest  known  gas,  Niton,  in 
quantities  of  one  one-millionth  of  a  gram,  in- 
volving the  efficient  handling  and  v^inning  this  tiny 
quantity  of  gas  from  a  mixture  of  gases  of  which  it  rep- 
resents only  a  very  tiny  fraction  of  1  per  cent,  of  the 
total  volume,  has  been  accomplished  in  an  eminently 
satisfactory  manner. 

The  use  of  radium  in  quantities  of  500  milligrams  or 
more  for  therapeutic  treatments  is  no  longer  a  rarity, 
but  is  fast  becoming  common  practice  in  order  to  proper- 
ly treat  the  large  numbers  of  patients  seeking  its  bene- 
fits. In  view  of  the  monetary  value  of  this  agent,  it 
would  he  highly  desirable  to  employ  a  system  whereby 
the  possibilities  of  its  loss  can  be  reduced  to  a  minimum 
or  entirely  eliminated. 

The  problem  has  been  solved  by  using  an  apparatus 
for  the  collection,  purification  and  tubing  of  the  direct 
decay  product  from  radium,  namely,  radium  emanation, 
known  chemically  as  Niton.  While  the  principles  em- 
ployed are  not  new,  the  present  apparatus  is  of  compara- 
tively recent  development,  being  an  improvement  upon 
earlier  systems,  and  within  the  last  year  or  so  has  gained 
considerable  standing  on  account  of  its  compactness, 
simplicity,  ease  of  operation  and  excellent  efficiency. 

To  appreciate  the  work  accomplished  by  the  appara- 
tus to  be  described,  it  is  necessary  to  know  the  relation- 
ship of  radium  to  its  decay  products  which  give  off  the 
rays  used  therapeutically.  Radium  is  a  metallic  element 
in  the  alkaline  earth  group  and  behaves  chemically  like 
baiium ;  however,  during  its  life  it  is  continually  dis- 
integrating into  two  gases,  helium  and  niton;  niton  in 
turn  decomposes  into  helium  and  a  metal,  radium  A; 
radium  A  disintegrates  into  helium  and  a  metal,  radium 
B ;  radium  B  in  turn  into  a  metal,  radium  C.  Since  ra- 
dium A,  radium  B  and  radium  C  are  the  elements  produc- 
ing the  rays  of  therapeutic  value,  we  are  concerned  only 
with  a  source  of  these  metals  which  are  of  very  shdrt 
life.     (See  Table  I.) 
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Element 

TABl 
Atomic  wt. 

LE  I 

Rays 

Half  Life 

Radium 

226.4 

A 

1,710  years 

Niton 

222.4 

A 

3.85  days 

Radium  A 

218. 

A 

3.0  min. 

Radium  B 

214. 

By 

26.8  min. 

Radium  C 

214. 

ABy 

19.5  min. 

The  value  for  the  half  life  of  any  radio-active  ele- 
ment is  the  time  required  for  50  per  cent,  of  a  given 
weight  to  disintegrate.  In  twice  this  time  it  will  be  re- 
duced to  25  per  cent,  and  thus  it  continues  to  destroy 
itself  one  half  each  succeeding  "half  life,"  approaching, 
but  theoretically  never  reaching,  zero  as  a  limit. 

The  decay  of  all  known  radio-active  elements  fol- 
lows the  same  general  course  and  can  be  represented  by 
the  same  logarithmic  curve  by  merely  changing  the  fig- 
ures along  the  time  axis  to  conform  tq  the  half-life  fig- 
ure of  the  element  under  discussion. 

From  the  above  table  it  is  obvious  that*  niton  is  the 
direct  source  of  the  elements  giving  off  the  rays  used; 
consequently,  if  it  can  be  efficiently  separated  from  its 
direct  parent,  radium,  without  physical  handling  of  the 
latter,  we  will  secure  the  benefits  without  risking  the 
loss  of  a  material  the  commercial  value  of  which  is  ap- 
proximately $3,500,000  per  ounce. 

The  actual  volume  of  gas  to  be  handled  is  quite 
small  as  one  gram  of  radium  (element)  produces  per 
24  hours  only  0.1  cubic  millimeters  of  niton  at  0°  centi- 
grade and  760  millimeters  barometric  pressure;  how- 
ever, in  order  to  successfully  remove  the  niton  it  is 
necessary  to  have  the  radium  in  solution.  Radium  be- 
having chemically  like  barium,  its  chloride  is  soluble 
in  water,  and  this  salt  is  usually  used  dissolved  in  sul- 
phate-free distilled  water  which  has  been  made  slightly 
acid  with  hydrochloric.  The  rays  from  radium  and  its 
decay  products  gradually  decompose  the  solution  into 
its  elements,  namely  hydrogen,  chlorine,  oxygen  and 
ozone.  The  volume  of  the  gases*  produced  by  the  de- 
composition of  the  solution  is  quite  considerable, 
amounting  to  several  cubic  centimeters,  thus  causing  a 
tremendous  dilution  of  the  niton  per  unit  volume  and 
greatly  increasing  the  difficulty  of  producing  concen- 
trated or  nearly  pure  niton. 

To  make  it  easier  for  the  reader  to  follow  the  steps 
in  the  operation  of  the  apparatus,  a  diagram  of  only  one 
side,  or  one  complete  operating  unit,  is  shown  in  Fig.  II. 
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The  apparatus  proper  is  one  continuous  piece  of 
glass  comprised  of  bulbs,  stopcocks  and  tubing  fused 
and  blown  together  in  place,  supported  upon  a  steel 
frame  13''x44''xl02",  which  is  anchored  in  a  block  of 
concrete  weighing  upwards  of  1,000  pounds.  This  con- 
struction insures  a  stable  and  rigid  support  for  this  rath- 
er extensive  and  fragile  apparatus.    (See  Fig.  I.) 


Figure  I 

The  radium,  in  solution,  is  placed  in  bulb  I,  which  is 
located  in  a  safe  or  vault  having  a  small  hole  in  the  top 
or  side  for  the  outlet  tube  connecting  the  radium  flask 
with  the  apparatus  proper.  The  safe  can  be  locked  after 
the  radium  solution  is  in  pla^e  and  need  not  be  re- 
opened for  a  year  or  more,  or  until  such  time  as  there  are 
indications  that  it  is  necessary  to  replenish  the  water 
lost  through  decomposition  and  evaporation.  This  point 
is  shown  by  a  decreasing  efficiency  due  to  the  retention 
of  niton  produced  by  the  RaClj '  2H2O,  which  has  start- 
ed to  crystallize  out  of  the  solution. 

By  referring  to  Fig.  II  it  will  be  observed  that  the 
apparatus  is  a  series  of  interconnected  mercury  pumps. 
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reservoir  bulbs  21;  15;  and  7,  carrying,  combined,  some- 
thing over  50  pounds  of  mercury.  These  reservoir  bulbs 
take  the  place  of  the  usual  levelling  vessel  and  the  same 
results  are  obtained  by  using  atmospheric  pressure  and 
a  two-stage  oil-sealed  vacuum  pump,  which  will  produce 
a  pressure  of  0.001  mm.  absolute. 

When  the  apparatus  is  in  working  order  a  high  vac- 
uum is  maintained  in  all  parts  except  the  reservoir  bulbs,, 
trap  25,  drying  tube  23  and  line  A. 

The  niton  accumulates  continuously,  but  is  only 
pumped  daily  and  usually  at  the  same  hour.  The  meth- 
od of  procedure  is  as  follows : 

With  the  vacuum  pump  running  and  stopcocks  22 
and  8  set  to  give  a  vacuum  in  line  A,  cock  6  is  opened 
allowing  the  mercury  to  flow  from  bulb  4  to  7,  the  mer- 
cury seeking  the  same  level  in  tube  joining  4  and  5  as 
in  7,  equal  degrees  of  vacuum  being  in  4  and  7  except 
for  the  pressure  due  to  the  gases  being  pumped  and  the 
water  vapor  present.  This  permits  the  accumulation  of 
niton,  etc,  to  diffuse  in  bulb  4.  By  turning  stopcock  22 
air  is  admitted  through  the  drying  tube  23  to  the  line  A 
communicating  with  bulb  7,  and  upon  opening  stopcock 
6,  atmospheric  air  pressure  raises  the  mercury  in  bulb  4, 
forcing  the  diffused  gases  through  the  mercury  trap  3, 
into  the  purification  chamber  composed  of  sections  9,  10, 
and  11.  The  radium  flask  is  pumped  several  times  by 
repeating  the  above  procedure.  In  practice,  five  to 
eight  pumpings  have  been  found  sufficient  to  efficiently 
move  the  impure  niton  from  the  radium  container  to  the 
purification  system. 

The  sodium  hydroxide  (in  9)  removes  the  carbon 
dioxide  and  hydrochloric  acid;  the  coil-  of  electrically 
heated  copper  oxide  (10)  causes  the  hydrogen  and  oxy- 
gen to  recombine,  providing  oxygen  for  the  excess  hy- 
drogen. Tube  11  is  lined  internally  with  phosphorus 
pentoxide  which  has  been  purified  by  sublimation  under 
reduced  pressure.  This  tube  promptly  absorbs  any 
water  vapor  present,  thus  completing  the  purification  of 
the  niton. 

The  second  step  is  to  pump  the  purified  gas  from 
the  purifying  system  into  the  capillary  tube  18,  the  pro- 
cedure being  as  follows:  Vacuum  is  re-established  in 
line  A ;  stopcock  6  is  closed  when  bulb  4  is  about  one- 
third  full  of  mercury;  close  stopcock  8,  restoring  the 
original  condition  of  the  first  pumping  unit.  Upon  open- 
ing stopcock  14  the  mercury  in  bulb  14  flows  into  reser- 
voir 15,  permitting  the  purified  niton  to  diffuse  into  bulb 
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12.  Air  is  admitted  into  line  A  and  the  mercury  level  in 
the  U  (17)  is  raised  above  the  base  of  the  U  by  opening 
stopcock  20,  which  is  closed  again.  Cock  14  is  opened, 
the  mercury  flowing  from  15  into  12  pushes  the  diffused 
niton  through  stopcock  16,  which  is  opened  momenta- 
rily to  permit  its  passage,  together  with  about  a  cubic 
centimeter  of  mercury.    The  mercury  is  lowered  in  bulb 


lb  Pump 


12  and  the  pumping  process  repeated  a  number  of  times. 
This  is  necessary,  as  the  volume  of  gas  being  pumped  is 
exceedingly  small.  After  completion  of  the  pumping, 
bulb  12  is  left  in  its  original  condition,  namely  half  full 
of  mercury,  and  upon  admitting  air  to  reservoir  21  and 
opening  stopcock  20  the  mercury  flows  from  21,  fills  the 
U  (17),  pushing  the  purified  niton  to  the  end  of  tube  18, 
which  is  a  very  thin-walled  capillary  tube  having  an  ex- 
ternal diameter  of  about  0.7  mm.  The  pressure  on  the 
gas  depends  upon  the  mercury  level  in  reservoir  21,' 
which  is  located  considerably  below  the  tip  or  end  of 
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tube  18,  making  the  maximum  pressure  about  one-half 
the  barometric.  The  mercury  level,  21,  can  be  controlled 
by  closing  stopcock  20,  thus  enabling  the  operator  to 
vary  the  pressure  between  a  few  centimeters  and  the 
maximum,  with  the  attendant  and  corresponding  gas 
volumes.  At  the  maximum  pressure  the  niton  from  one 
gram  of  radium  will  occupy  only  a  few  millimeters  of  the 
capillary  tube. 

Even  at  the  maximum  pressure  the  niton  is  under 
only  one-half  atmospheric;  hence  heating  the  capillary 
with  a  fine  pointed  flame,  the  walls  soften,  fall  to- 
gether, and  the  tiny  tube  filled  with  niton  can  be  drawn 
off  without  loss.  Making  further  use  of  the  needle  flame, 
this  finished  tube  may  be  divided  and  subdivided  to  pro- 
duce tubes  of  the  desired  radio-activity.  For  protection 
against  breakage  in  handling,  these  tiny  tubes  are  housed 
in  suitable  metal  jackets,  and  when  aged  are  calibrated 
by  comparison  against  a  radium  standard.  Calibrated 
niton  tubes  can  be  used  in  the  same  manner  as  its  radi- 
um equivalent,  thus  avoiding  the  possibility  of  perma- 
nent loss,  as  the  radium  is  never  handled  and  always  re- 
mains in  the  locked  safe,  while  the  niton  tube  complete- 
ly decays  in  30  days  regardless  of  what  may  be  done 
with  it. 

The  time  for  aging  niton  tubes  is  Syi  hours  after 
final  sealing.  This  time  is  required  for  the  decay  prod- 
ucts, radium  A,  radium  B,  and  radium  C  to  come  into 
equilibrium  with  each  other  and  their  ancestor,  niton. 
Upon  attaining  equilibrium  the  tube  shows  its  maximum 
beta  and  gamma  ray  activity,  decaying  at  the  rate  of 
16.47%  every  24  hours  thereafter,  reaching  half  the  initial 
value  in  3.85  days  and  becoming  entirely  useless  in  30 
days. 

If  the  apparatus  is  operated  for  30  days  and  no 
tubes  lost  or  broken,  the  tube  drawn  off  on  the  31st  day 
will  just  compensate  for  the  amount  of  decay  of  the  pre- 
vious tubes,  thus  balancing  the  system.  Following  the 
same  thought,  if  an  entire  day's  accumulation  of  niton 
is  lost,  the  matter  is  of  small  importance,  as  the  loss  in 
3.85  days  dwindles  to  one-half,  in  a  week  it  is  only  about 
one-quarter,  and  in  a  matter  of  a  couple  of  weeks  it 
would  not  be  detectable.  A  homely  example  best  illus- 
trates this  point,  by  likening  the  radium  to  a  milk  cow, — 
milk  is  secured  daily — it  sours  whether  used  or  not  and 
if  one  day's  milk  is  lost,  we  are  only  temporarily  incon- 
venienced, as  with  the  morrow  a  new  supply  is  available. 

The  apparatus  is  best  installed  in  the  duplex  type. 
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comprising  two  working  units  (one  only  shown  in  Fig. 
II)  interconnected  and  mounted  on  opposite  sides  of  one 
frame.  Only  one  unit  is  operated  at  a  time,  with  the 
other  held  in  reserve  as  an  insurance  measure  against 
discontinuity  of  operation  and  the  attendant  loss  in  in-, 
terest  charges  against  an  investment  of  from  $60,000  to 
$500,000,  depending  upon  the  amount  of  radium  in  the 
apparatus. 

During  the  past  two  years  installations  of  duplex 
type  have  been  completed  in  New  York  City;  Buffalo, 
N.  Y. ;  Chicago,  111. ;  Pittsburg,  Penna. ;  San  Francisco, 
Calif. ;  Fresno,  Calif. ;  and  Hartford,  Conn. ;  all  of  which 
have  shown  most  gratifying  efficiencies  ranging  over 
periods  of  six  months  to  two  years,  depending  upon  date 
of  installation. 

A  complete  installation  is  an  assembly  of  a  large 
number  of  parts  ranging  from  delicate  electrical  measur- 
ing devices  to  a  robust  safe.  All  installations  thus  far 
have  proved  distinct  and  separate  problems  in  them- 
selves, requiring  a  varied  and  wide  experience  for  their 
solution. 
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THE  ELECTRICAL  ENGINEERING  DEPART- 

MENT  IN  EXTENSION  AND 

RESEARCH 


By  Professor  C.  Francis  Harding 

Much  interesting  and  valuable  work  has  been  done 
in  recent  years  along  research  and  extension  lines  by  the 
School  of  Electrical  Engineering  at  Purdue. 

Research:  The  world  war  has  brought  to  our  at- 
tention very  forcibly  the  need  for  research,  and  more 
especially  the  need  for  research  men.  If  the  University 
can  train  a  few  such  men  each  year,  it  will  be  well  worth 
the  effort.  It  is  felt  that  not  only  is  the  research  work 
done  of  value  in  itself,  but  the  mere  fact  that  it  is  being 
done  here  acts  as  a  great  stimulus  to  students  who  have 
some  natural  inclination  for  such  a  line  of  endeavor. 
With  this  idea  in  view,  students  of  ability  have  been  giv- 
en an  opportunity  to  contribute  to  the  work  which  has 
been  done  in  the  Electrical  School  in  the  past.  A  brief 
description  of  some  of  the  research  problems  is  given  in 
this  article. 

Problems  Studied:  Study  of  iron  wire  joints  as 
used  in  telephone  line  practice,  particular  attention*  being 
given  to  tensile  strength,  electrical  resistance,  and  how 
these  characteristics,  are  modified  by  the  use  of  welded 
joints.  An  investigation  of  transmission  in  telephone 
circuits.  This  work  included  tests  on  a  large  number 
of  dry  batteries. 

Fixation  of  Atmospheric  Nitrogen  by  the  Silent  Dis- 
charge Process:  The  problem  of  securing  a  satisfac- 
tory supply  of  nitrates  is  an  important  one  and  has  been 
the  subject  of  investigation  by  the  Electrical  Engineer- 
ing School  for  a  number  of  years.  The  problem  is  one 
of  finding  the  conditions  which  will  give  the  greatest 
yield  for  a  given  power  input. 

Alternating  Current  Corona:  It  is  important  to 
determine  what  takes  place  when  the  corona  is  formed 
in  an  alternating  current  circuit.  To  study  the  corona 
discharge  a  special  camera  has  been  built  which  makes 
the  exposure  sychronously  with  the  change  in  the  alter- 
nating current. 

Magnetic  Leakage  in  Transformers:  Work  has 
been  done  experimentally  which  has  cleared  up  some 
misconceptions  regarding  magnetic  leakage.  This  in- 
vestigation has  also  shown  that  some  of  the  older  ideas  of 
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lines  of  magnetic  force  are  not  tenable  when  more  than 
one  magneto  motive  force  is  acting. 

Trolley  Contact  Resistance:  Trolley  contact  wheels 
soon  wear  out  in  service,  and  frequently  become  very 
hot.  An  investigation  has  been  completed  in  which  the 
loss  at  the  trolley  wheel  has  been  determined.  The  elec- 
trical loss  was  found  to  be  of  appreciable  magnitude,  and 
to  exceed  greatly  the  frictional  loss. 

Extension:  As  industry  and  our  social  system  be- 
come more  complex,  the  need  for  a  closer  co-operation  be- 
tween industry  and  the  University  is  being  felt.  The 
practical  man  has  a  tendency  to  look  down  upon  college, 
and  in  many  cases  this  attitude  has  been  justified.  A 
closer  understanding  of  each  other's  problems  is  essen- 
tial if  the  University  man  is  to  take  his  proper  place  in 
our  social  system. 

The  extension  work,  in  the  nature  of  lectures  or  dis- 
cussions before  bodies  of  non-technical  employees,  to- 
gether with  the  bulletins  of  information,  should  lead  to 
a  better  appreciation  of  the  non-technical  man  of  the  val- 
ue of  a  college  education. 

A  summary  of  extension  work  carried  on  by  the 
Electrical  School  at  Purdue  follows: 

For  a  period  of  four  weeks,  for  each  of  the  last  two 
years,  a  short  course  has  been  given  for  the  benefit  of 
the  telephone  men  of  the  state.  This  work  has  been 
most  beneficial  to  the  practical  telephone  man. 

During  each  year  a  series  of  addresses  have  been 
given  at  meetings,  and  later  through  correspondence  the 
problems  of  the  telephone  man  have  been  discussed  and 
in  many  cases  a  solution  secured. 

A  circular  of  the  Experiment  Station  has  been  is- 
sued dealing  with  the  methods  of  preserving  poles 
against  decay.  This  circular  puts  in  the  hands  of  the 
telephone  and  telegraph  operator  an  unbiased  report 
concerning  the  merits  of  the  different  methods  of  treat- 
ment. 

In  the  High  Voltage  Laboratory  numerous  tests 
have  been  made  both  for  manufacturers  and  users  of 
high-voltage  insulators.  Tests  have  been  made  on  glass 
insulators  ranging  in  size  from  the  telephone  insulator 
up  to  those  used  by  the  Montana  Power  Co.  at  70,000 
volts.  Other  tests  on  porcelain  insulators  have  been 
made  under  both  the  dry  and  rain  conditions.  Puncture 
tests  under  oil  have  also  been  made  in  many  cases. 

For  the  information  of  the  Joint  Purchasing  Com- 
mittee of  the  State  of  Indiana,  a  series  of  photometric 
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tests  on  25-watt  tungsten  lamps  has  been  made.  From 
these  tests  and  from  the  life  tests  now  being  made  on 
the  same  lamps,  it  is  possible  to  determine  the  best  lamp, 
-from  the  standpoint  both  of  efficiency  as  a  light  pro- 
ducer and  of  long  life. 

A  large  number  of  tests  have  been  made  on  different 
types  of  storage  batteries,  both  for  the  manufacturer 
and  the  user.  One  of  the  tests  made  recently  was  to  de- 
termine the  characteristics,  possibilities  and  limitations 
of  the  so-called  dry  storage  battery.  This  test  was  of 
great  value  to  the  makers  of  this  battery,  as  they  were 
able  to  secure  reliable  information  concerning  their 
product. 

A  bulletin,  under  the  auspices  of  the  Engineermg 
Experiment  Station  dealing  with  the  operation  and 
costs  of  small  electrically  driven  pumps,  has  been  issued. 
This  publication  is  especially  valuable  to  the  small  munic- 
ipality which  is  interested  in  the  pumping  of  water  for 
both  fire  protection  and  domestic  use. 

Additional  information  is  now  being  prepared  upon 
small  pumping  outfits  for  domestic  use.  Publications  of 
this  kind  written  without  the  use  of  technical  terms  are 
of  great  benefit  to  the  user  of  these  appliances  who,  as  a 
rule,  has  no  special  knowledge  of  electricity  or  its  ap- 
plications. 

For  the  benefit  of  the  rural  communities  a  study  is 
being  made  of  the  most  successful  practice  for  the  trans- 
mission of  small  amounts  of  power.  In  order  that  such 
lines  shall  be  a  success  they  must  be  built  in  a  satisfac- 
tory manner,  and  yet  the  cost  of  service  must  be  low 
enough  so  that  the  consumer  can  use  the  power  profit- 
ably. To  be  attractive  from  the  central  station  stand- 
point the  lines  must  pay  a  reasonable  return  on  the  in- 
vestment. The  results  of  this  investigation  will  be  of 
great  benefit  to  small  communities  contemplating  or  now 
using  electric  power. 

Even  closer  contact  with  industrial  problems  is  be- 
ing secured  this  year  than  ever  before.  A  series  of  dis- 
cussions by  Professors  Harding,  Ewing  and  Rowell,  is 
being  conducted  before  different  groups  of  the  National 
Association  of  Stationary  Engineers.  The  subjects  dealt 
with  are  those  which  will  give  these  engineers  some 
knowledge  of  the  fundamentals  of  electricity  and  its  ap- 
plications to  measuring  instruments,  motors,  and  gen- 
erators. 
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THE  INSPECTION  TRIP  TO  DAYTON  AND  VI- 

CINITY 


By  Merritt  B.  Miller,  £.  £.  '21 

On  Wednesday,  May  12,  1920,  all  the  engineers  of 
Purdue,  with  the  exception  of  the  Civils,  left  LaFayette 
on  a  special  train  on  the  Big  Four  iot  Dayton,  Ohio, 
where  we  arrived  Thursday  morning.  After  breakfast 
everybody  met  at  the  Engineers'  Club,  where  we  boarded 
cars  and  trucks  which  were  to  take  us  to  the  Miller's 
Ford  Power  Plant,  just  outside  of  Dayton. 

This  power  plant,  which  was  put  into  operation 
March  22,  1918,  is  a  model  steam  power  plant  in  every 
respect  of  the  word.  It  is  so  located  that  transportation 
facilities  are  available  and  cooling  water  from  the  Miami 
River  may  be  obtained.  The  present  generating  capacity 
is  25,000  kw.,  6,600  volts,  3  phase,  60  cycles,  but  the  ulti- 
mate capacity  will  be  100,000  kw.  Coal  storage  for 
60,000  tons  is  provided. 

The  boiler  room  is  laid  out  for  two  rows  of  three 
boilers  each,  with  the  firing  room  perpendicular  to  the 
generating  room.  At  present  four  1,373  H.  P.  B.  &  W. 
boilers  are  installed  with  14  Taylor  stokers  fed  by  grav- 
ity from  a  brick-lined  steel  coal  bunker  having  a  capacity 
of  975  tons.  Forced  draft  is  used  under  the  grates.  The 
boilers  are  equipped  with  soot  blowers,  cinder  catchers, 
and  feed  water  regulators.  The  boilers  are  operated  at 
225  lbs.  gauge  and  125°F.  superheat.  Each  boiler  is  equip- 
ped with  two  Bailey  boiler  meters,  which  record  the 
steam  flow,  air  flow,  steam  temperature,  flue  gas  tempera- 
ture, and  draft,  and  with  COo  recorders. 

Located  in  the  basement  is  apparatus  for  making 
complete  water  rate  tests  on  any  or  all  of  the  boilers,  and 
also  apparatus  for  sampling  and  testing  coal.  A  3,000- 
gallon  water  softener  is  located  in  the  boiler  room. 

The  main  steam  header  is  laid  out  on  the  ring  type 
with  remote  controlled  sectionalizing  valves,  and  is  in- 
sulated with  3^''  of  85%  magnesia  pipe  covering. 

The  turbine  room  equipment  consists  of  two  12,500 
kw.,  3  phase,  6,600-volt  60-cycle  generators,  direct 
connected  to  nine  stage  G.  E.  Curtis  turbines  with  170  kw 
exciters,  250  volts,  1,800  r.  p.  m.  Each  generator  re- 
quires 85  kw.  for  excitation  at  full  load;  thus  each  ex- 
citer is  capable  of  furnishing  excitation  to  both  generat- 
ors. A  100  kw.,  2,500-volt,  900-r.  p.  m.  turbine  driven 
exciter  is  also  available.  A  7S-ton  travelling  crane  is  pro- 
vided for  making  repairs,  etc. 
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In  the  basement  are  two  lS,000-square  foot  con- 
densers with  the  necessary  pumps.  An  air  compressor  is 
provided  for  driving  tube  cleaners,  etc.,  and  there  is  an  oil 
filter  for  purifying  the  lubricating  oils. 

Each  generator  takes  its  cooling  air  through  an  air 
washer  which  insures  clean  dry  air  and  prevents  accumu- 
lations of  dirt  and  foreign  matter  collecting  on  the  coi's 
and  parts  of  the  machines. 

A  most  modern  and  complete  switchboard  of  West- 
inghouse  make  is  provided.  All  switches  and  other  ap- 
paratus are  remote  controlled,  so  that  the  operator  has 
complete  control  of  the  entire  plant  at  all  times.  A  33,000- 
Volt  outdoor  substation  is  locatied  near  the  plant  and 
under  control  of  the  switchboard  operator.  It  has  a  ca- 
pacity of  18,000  kva.  It  consists  of  three  banks  of 
3  each  2,000  kva.  6,800-33,000  volt  water  cooled 
transformers. 

After  visiting  this  plant  the  group  was  conducted  to 
the  factory  of  the  National  Cash  Register  Company.  Here 
the  entire  process  of  making  cash  registers  of  all  kinds 
was  seen.  The  process  of  applying  the  final  finish  was  of 
particular  interest.  A  copper  plate  is  made  from  a  photo- 
graph of  the  wood  desired  for  the  finish  and  an  impres- 
sion made  from  this  plate  on  a  rubber  roller,  which  trans- 
fers the  finish  to  the  surface  of  the  cash  register. 

An  entertainment  by  the  youngest  orchestra  in  the 
world  was  given  after  the  boys  had  been  through  the 
plant.  Then  a  very  welcome  and  satisfying  dinner  was 
.  served. 

From  the  N.  C.  R.  the  engineers  were  conducted  to 
the  Dayton  Engineering  Laboratories  and  the  Delco 
Light  Company,  where  all  sorts  of  automobile  starting 
and  ignition  apparatus  were  seen  in  the  process  of  manu- 
facture. 

Probably  the  most  interesting  part  of  this  visit  was 
the  showing  made  of  the  methods  of  working  and  the 
methods  of  time  keeping  used  in  the  works.  Time  studies 
are  made  of  each  process  and  the  best  and  quickest  ways 
of  doing  each  job  determined. 

Friday  morning  the  train,  also  used  as  a  hotel  during 
the  stops,  left  for  Middletown,  where  the  process  of  mak- 
ing high-grade  sheet  iron  was  seen  in  the  works  of  the 
American  Rolling  Mills.  The  open  hearth  furnaces  and 
the  treatment  of  the  iron  during  the  process  of  rolling 
was  very  interesting.  The  American  Rolling  Mills  main- 
tain a  very  elaborate  laboratory  for  testing  and  maintain- 
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ing  their  quality  of  product  up  to  standard  and  for  widen- 
ing the  field  of  application  of  Armco  iron  goods. 

A  good  dinner  which  was  waiting  at  the  restaurant 
of  the  office  employees  received  full  justice  from  the  tired 
and  hungry  boys.  After  the  dinner  an  entertainment 
was  oflFered  by  the  women  employees  and  greatly  ap- 
preciated by  the  entire  audience.  Several  talks  by  offi- 
cials of  the  company  were  then  given;  after  which  our 
train  took  us  to  Hamilton. 

At  the  plant  of  Hooven,  Owens,  Rentschler  Com- 
pany a  great  many  surprises  were  in  store  for  the  unex- 
perienced members  of  the  party.  Machines  were  there 
in  process  of  construction  the  size  of  which  had  never 
been  imagined  by  most  of  the  visitors.  Huge  engines 
and  sugar  mill  equipment  were  being  erected  and  manu- 
factured. The  methods  of  handling  some  of  these  large 
machines  was  unique,  to  say  the  least.  In  the  machining 
of  some  of  the  parts,  the  cutting  machine  itself  rotated 
instead  of  the  piece. 

The  new  Ford  tractor  plant  was  of  interest  to  many, 
as  it  demonstrated  the  latest  process  of  quantity  produc- 
tion of  machines.  The  power  for  operating  this  factory 
is  derived  from  low  head  water  turbines  operating  electric 
generators.  The  plant  was  only  under  construction  at 
the  time  of  the  visit. 

At  the  plant  of  Niles,  Belmont,  Pond  Company  many 
very  large  and  interesting  tools  were  seen  in  the  process 
of  manufacture.  The  foundry  where  the  large  castings 
are  made  was  of  particular  interest. 

That  evening,  Friday,  the  Chamber  of  Commerce  of 
Hamilton  provided  a  banquet  at  which  Colonel  Beauchant 
proved  a  very  able  and  entertaining  toastmaster.  Talks 
were  given  by  men  of  Hamilton,  faculty  members,  and 
students. 

Saturday  morning  we  visited  McCook  Aviation  Field 
and  saw  the  planes  used  in  modern  warfare  for  attaining 
very  high  altitudes.  A  conservator  for  compressing  air 
and  feeding  it  to  the  engines  at  extremely  high  altitudes 
proved  of  general  interest.  Films  and  talks  by  army  offi- 
cers were  on  the  program. 

In  the  afternoon  interurban  cars  took  us  all  out  to 
the  place  where  one  of  the  huge  dams  is  being  built  for 
the  Miami  Valley  Conservancy.  One  of  these  dams — 
there  are  five  of  them  in  all — is  4,700  feet  long  and  1,100 
feet  thick  at  the  base,  tapering  off  to  300  feet  at  the  top. 
It  is  designed  to  hold  back  all  the  water  at  flood  time  ex- 
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cept  that  which  can  safely  be  taken  care  of  by  the  drain- 
age systems  of  Dayton  and  vicinity.  Two  concrete  tubes 
are  provided  for  letting  the  water  through  the  dam. 

The  method  of  construction  of  this  dam  is  unique,  in 
that  it  is  made  of  gravel  deposited  by  the  hydraulic  proc- 
ess. The  gravel  is  hauled  to  the  highest  point  on  the 
dam  by  cars  and  washed  down  in  pipes  to  the  place  where 
it  is  to  be  deposited.  The  flow  of  water  from  the  point 
of  discharge  of  the  pipes  is  toward  the  middle  of  the  dam 
and  the  finer  particles  and  silt  are  deposited  in  the  center, 
which  makes  the  dam  proof  against  corrosion  and  also 
against  penetration  of  the  water. 

Saturday  evening  the  Chamber  of  Commerce  of  Day- 
ton entertained  at  a  banquet.  Several  new  "stunts"  were 
provided,  and  some  talks  given  by  prominent  men  of 
Dayton.  The  talk  of  Mr.  C.  F.  Kettering,  of  the  General 
Motors  Corporation,  will  long  be  remembered  on  account 
of  the  food  for  thought  that  he  pointed  out  in  the  modem 
methods  of  education. 

It  was  a  very  tired  crowd  of  boys  and  professors 
who  were  on  the  train  that  left  for  LaFayette  that  night, 
but  every  one  brought  back  the  impression  that  the  en- 
gineering profession  is  a  great  and  important  profession, 
and  that  Dayton  and  vicinity  is  fully  awake  to  the  re- 
quirements and  the  needs  of  that  profession. 
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PURDUE     SENIOR     ENGINEERS'     INSPECTION 

TRIP 


By  E.  R.  Moore,  E.  E.  '21. 

During  the  first  semester  of  their  Senior  year  all 
engineering  students  at  Purdue  University  are  required 
to  make  a  three  or  four  day  inspection  trip  to  some  near- 
by cities  for  the  purpose  of  studying  manufacturing  and 
operating  methods  as  they  are  carried  out  in  practice 
along  engineering  lines.  This  year  the  Chemical,  Elec- 
trical, and  Mechanical  Engineering  students  made  the 
trip  at  the  same  time,  starting  Tuesday,  Oct.  5th,  and 
lasting  until  Saturday,  Oct.  9th.  Visits  were  made  to 
Milwaukee,  Chicago,  Gary,  and  nearby  towns. 

Early  Tuesday  morning  the  Seniors  wended  their 
way  to  the  Monon  depot,  where  a  special  train  was  ]»ro- 
vided  to  transport  them  to  Chicago.  At  Hammond  the 
Electricals  and  Mechanicals  transferred  to  electric  cars 
for  a  twelve  mile  ride  to  Gary,  Indiana.  Arrival  was 
made  at  Gary  about  11  :30  a.  m.  and  an  immediate  search 
was  made  for  the  various  restaurants,  cafes,  etc.  The 
excellent  cafeteria  at  the  Y.  M.  C.  A.  received  the  brunt 
of  the  forage  and  soon  everyone  was  ready  for  the  first 
inspection  to  begin.  At  12:30  assembly  was  made  at 
the  entrance  of  the  Indiana  Steel  Company.  Many  cam- 
eras were  in  evidence  throughout  the  party,  but  to  our 
sad  dismay  we  found  that,  according  to  the  gate  watch- 
man, '^orders  is  orders,"  so  all  cameras  were  checked  at 
the  gate.  The  party  was  then  divided  into  several  groups 
and  the  next  three  hours  w^re  spent  in  "intensified  walk- 
ing and  gawking."  The  principal  processes  in  the  manu- 
facture of  steel  and  iron  products  were  traced,  from  the 
unloading  of  the  coal  and  ore  to  the  final  forming  of  the 
finished  product.  The  first  feature  to  interest  us  was  the 
giant  electrically  operated  boat-unloaders,  the  huge 
bucket  jaws  of  which  are  capable  of  taking  a  IS-foot  bite 
of  ore  from  the  holds  of  the  ore-freighters  and  transport- 
ing this  load  of  over  12  tons  to  the  ore  piles  on  shore. 
The  next  point  of  interest  was  the  blast  furnaces  and  we 
were  fortunate  enough  to  witness  the  tapping  of  one  of 
these.  Other  items  of  interest  at  the  steel  mills  were  the 
Bessemer  furnaces,  the  rolling  mills,  the  car-wheel  plant, 
and  the  power  plant.  Electric  power  for  the  entire  steel 
plant  is  furnished  by  six  alternators  each  driven  by  two 
5,000  horsepower  gas  engines  which  burn  by-product  gas 
from  the  blast  furnaces.  The  inspection  of  the  steel 
mills  was  completed  about  4 :00  p.  m.,  so  we  took  special 
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cars  to  Hammond,  transferred  to  the  Monon  again,  and 
soon  arrived  at  Chicago,  where  we  were  assigned  rooms 
at  the  Atlantic  and  Stratford  Hotels. 

The  Chemical  Engineering  class  had  remained  on 
the  special  train  and  came  direct  to  Chicago,  where  they 
registered  at  the  Hotel  Atlantic  about  noon.  They  spent 
the  afternoon  at  the  National  Lead  Company,  where  the 
Dutch-lead  process  of  paint  manufacture  was  inspected. 
The  process  was  followed  from  the  treating  of  the  lead 
metal  with  acetic  acid  to  the  formation  of  the  finished 
paint.  Another  interesting  process  at  this  plant  was  the 
cold-drawing  of  the  lead  by  hydraulic  pressure  into  va- 
rious forms  such  as  wire-solder,  fuse  wire,  etc. 

Wednesday  the  students  of  each  department  visit- 
ed different  concerns,  each  class  visiting  certain  concerns 
which  were  more  directly  connected  with  their  respec- 
tive branches  of  engineering.  In  the  morning  the  Elec- 
tricals  visited  the  Standard  Steel  Castings  Company  in 
South  Chicago,  where  a  large  three-phase  electric  furnace 
was  observed  in  operation.  The  afternoon  was  spent  at 
the  Wabash  exchange  of  the  Chicago  Telephone  Com- 
pany and  at  the  Automatic  Electric  Company.  At  both 
of  these  places  the  party  was  broken  up  into  small 
groups,  about  ten  men  to  a  group,  and  each  group  was 
furnished  with  a  guide.  At  the  exchange  the  methods 
of  interconnection,  call-recording,  telephone  testing,  etc., 
were  observed  and  the  operating  features  were  explained 
to  us,  while  at  the  Automatic  Electric  Co.,  the  manufac- 
ture and  operation  of  automatic  phones  and  exchanges 
were  studied.  The  Chemicals  spent  the  morning  at  the 
Universal  Portland  Cement  plant  at  Buffington,  Ind., 
where  the  making  of  cement  was  traced  from  the  raw 
products  of  limestone,  shale,  blast  furnace  by-products, 
etc.,  to  the  final  sacking  of  the  cement.  The  students 
were  especially  interested  in  the  Cottrell  dust  precipi- 
tators which  make  use  of  high  voltage  in  precipitating 
the  cement  dust.  The  afternoon  was  spent  at  Whiting, 
where  the  Standard  Oil  Co.'s  plant  was  inspected.  One 
point  of  interest  here  was  the  sulphuric  acid  concentra- 
tors where  the  impurities  are  boiled  from  the  crude  oil. 
While  inspecting  these  it  was  agreed  by  all  that  a  glass 
screen  to  completely  cover  the  head  and  face  should  be 
the  greatest  requisite.  Overcoats  would  also  have  been 
much  in  order  while  inspecting  the  huge  refrigerators 
where  the  paraffine  for  the  manufacture  of  "Para-wax" 
is  separated  from  the  oil  by  solidifying  it  out.  This  in- 
spection was  completed  late  in  the  afternoon   and  the 
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party  took  the  train  back  to  Chicago.  The  Mechanicals 
spent  the  morning  at  the  McCormick  works  of  the  In- 
ternational Harvester  Co.,  and  the  afternoon  at  the  Haw- 
thorne plant  of  the  Western  Electric  Co.  They  v  ere 
served  lunch  at  the  restaurant  of  the  latter  concern  and 
were  then  divided  into  small  groups  for  inspection. 
Practically  all  the  departments  in  the  plant  were  visited 
and  the  manufacture  of  telephone  apparatus  was  ob- 
served in  all  its  stages.  The  making  of  underground  and 
submarine  cable  was  especially  interesting  ancj  it  was 
watched  from  the  winding  of  the  first  insulation  on  one 
strand  to  the  forming  of  the  entire  cable  and  the  applica- 
tion of  the  lead  sheath  by  the  drawing  of  the  cable 
through  a  warm  lead  bath  under  heavy  pressure.  An- 
other point  of  interest  was  the  large  power  plant  with  its 
modern  boiler-room  equipment. 

On  Thursday  the  Mechanicals  and  the  Electricals 
took  special  cars  on  the  North  Shore  electric  line,  the 
Mechanicals  stopping  off  at  Kenosha  to  visit  the  Nash 
Motor  Company,  while  the  Electricals  went  on  to  Mil- 
waukee and  visited  the  Cutler-Hammer  Manufacturing 
Company.  The  Cutler-Hammer  Co.  manufacture  all 
sorts  of  electrical  control  apparatus,  crane  magnets,  mag- 
netic clutches,  Thomas  electric  gas  meters,  etc.  The  many 
special  machines  for  making  intricate  control  parts  were 
of  great  interest.  We  were  also  interested  in  the  manu- 
facture of  "Thermoplax"  and  "Pyroplax,"  which  are 
forms  of  heat  resisting  insulation  compounds  that  are 
molded  into  any  desired  shape  by  compression  under  ex- 
tremely high  pressure.  At  about  1 :00  p.  m.  the  Me- 
chanicals and  Electricals  met  again  at  the  Allis-Chal- 
mers  Co.  and  they  were  served  lunch  in  the  company's 
restaurant.  The  afternoon  was  then  spent  in  the  inspec 
tion  of  large  turbine  and  alternator  manufacture.  One 
feature  of  interest  was  the  casting  and  forging  of  the 
very  large  parts. 

The  Chemicals  visited  the  steel  mills  in  South  Chi- 
cago during  the  morning  and  it  was  here  they  learned 
that  the  gentle  art  of  "penny-pitching"  is  absolutely  pro- 
hibited in  that  neighborhood  (for  particulars  see  Profes- 
sor Peffer).  The  By-Products  Coke  Corporation  plant  in 
South  Hammond  was  visited  during  the  afternoon.  The 
Semet-Solvey  coke  process  was  observed  in  operation 
here.  Ammonia  and  other  coal  tar  products  are  manu- 
factured and  most  of  the  coke  is  sold  to  the  steel  mills, 
while  the  city  uses  the  gas  that  is  produced. 
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On  Friday  the  Mechanicals  visited  Sears-Roebuck 
Co.,  the  Union  Stock  Yards,  and  the  Swift  Packing  Com- 
pany. The  Chemicals  visited  the  Underwriters'  Labora- 
tories in  Chicago  and  the  Corn  Products  Company's  re- 
finery at  Argo,  Illinois.  At  the  Underwriters'  Labora- 
tories they  found  that  everything  was  being  tested  from 
steel  safes  down  to  sprinkling  systems  and  electric 
fuses.  Spectacular  heat  tests  were  witnessed  as  they 
were  being  run  on  various  building  materials  such  as 
glass,  roofing,  columns  under  compression,  etc.  The  en- 
tire Underwriters'  Laboratory  building  is  made  as  nearly 
fire  proof  as  possible.  Chairs,  desks,  and  so  forth  are 
all  made  of  metal.  Now,  ladies  and  gentlemen,  hold  your 
noses,  for  we  have  left  Chicago  and  are  nearing  Argo. 
Of  all  the  odors  that  were  ever  odored  this  was  the  worst 
in  our  experience.  The  gentle  perfume  of  fermented 
corn  and  sulphur  fumes,  glucose,  etc.,  were  all  in  evi- 
dence. The  features  of  most  interest  were  the  large  vats 
where  the  corn  is  soaked  in  a  weak  solution  of  sulphur- 
ous acid,  and  the  automatic  can-filling- machinery.  An- 
other point  of  interest  to  some  was  the  four  200-foot 
stacks  supported  only  by  girders  on  top  of  the  build- 
ing. The  Electricals  spent  the  morning  inspecting  a 
portion  of  the  Aurora,  Elgin  &  Chicago  electric  railway, 
including  the  power  station  at  Batavia  and  the  auto- 
matic substation  at  Warrenville.  The  Western  Elec- 
tric Company  was  visited  during  the  afternoon,  the  same 
inspections  being  made  that  the  Mechanicals  had  made 
two  days  before. 

On  Saturday  morning  all  of  the  parties  inspected  the 
Fish  street  plant  and  the  Quarry  street  station  of  the 
Commonwealth  Edison  Co.,  where  they  observed  a  mod- 
em central  power  station  in  operation.  In  the  afternoon 
everyone  went  out  to  Stagg  Field  to  see  the  football 
game  between  Chicago  and  Purdue,  so  Purdue  was  not 
at  all  short  in  ardent  rooters.  A  special  train  late  that 
evening  brought  us  all  back  to  LaFayette  and  our  sight- 
seeing vacation  was  at  an  end.  However,  although  we 
called  it  a  "vacation,"  it  was  really  an  education  in  it- 
self, for  we  all  returned  with  a  much  broader  view  on 
some  of  the  immense  problems  and  methods  of  manufac- 
ture and  industry.  We  feel  exceedingly  grateful  to  the 
many  factory  and  company  officials  for  the  courtesy  and 
welcome  shown  us  and  we  hope  that  the  relations  be- 
tween the  industries  and  the  universities  will  always  re- 
main so  sincere. 
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CONCRETE  CONSISTENCY 


By  J.  B.  NoTHHELFER  and  C.  G.  Heinmiller,  C  E.  '21. 

Flowability  is  one  of  the  several  expressions  used  to 
describe  the  consistency  or  placeability  of  concrete.  The 
quality  of  a  concrete  or  mortar  mixture  which  has  to  do 
with  ease  of  placing  may  be  referred  to  as  consistency, 
flowability,  mobility,  workability,  and  these  words,  al- 
though having  perhaps  slightly  different  meanings  to 
many  people,  are  generally  synonymous  as  used. 

The  consistency  which  must  be  used  in  any  case  de- 
pends upon  the  nature  of  the  work,  type  and  arrange- 
ment of  forms  and  reinforcing  steel.  For  any  given  con- 
dition there  is  some  minimum  consistency  which  must 
be  attained  to  result  in  good  workmanship,  economy,  and 
proper  progress  in  the  process  of  consistency.  With  a 
certain  set  of  conditions,  consistency  may  be  increased 
by  the  use  of  more  mixing  water,  which  in  turn  lowers 
the  compressive  strength.  It  is  generally  agreed  that 
concretes  must  have  the  same  consistency  to  be  compar- 
able, yet  we  have  not  agreed  upon  a  satisfactory  method 
of  measuring  and  controlling  consistency.  Consistency 
has  usually  been  crudely  estimated  by  the  "eye,"  "judg- 
ment,'' or  "feer*  of  the  operator.  This  method  of  meas- 
urement gives  widely  varying  results. 

One  of  the  important  factors  of  consistency  is  the 
water  content.  In  concrete  water  serves  three  impor- 
tant purposes: 

1.  Water  reacts  with  the  cement  to  form  a  binding 
material  which  unites  otherwise  non-cohering  sand  and 
stone.  If  not  enough  water  is  used,  the  chemical  action 
will  be  incomplete ;  if  too  much  water  is  used,  the  binder 
will  be  too  dilute. 

Undue  dilution  of  concrete  is  readily  possible,  but 
it  is  accomplished  by  impairment  of  strength,  just  as 
glue  may  be  a  valuable  adhesive  when  of  proper  consist- 
ency, while  the  same  glue,  if  too  dilute,  may  be  useless 
for  like  purposes  although  later  evaporation  may  gradu- 
ally restore  its  cementation  value. 

2.  Water  operates  to  flux  both  dissolved  and  undis- 
solved cementing  substances  over  the  surfaces  of  sand 
grains  and  stone  particles,  rendering  possible  extensive 
and  close  adhesion  by  carrying  these  substances  to  all 
the  irregularities  of  the  particle. 

3.  Water  acts  as  a  lubricant  and  allows  the  con- 
crete to  flow  into  position.    Too  much  is  generally  used 
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for  this  purpose.    The  proper  consistency  can  be  brought 
about  by  a  cleaner  and  more  thorough  mixing. 

The  more  we  learn  about  concrete,  the  more  certain 
it  is  that  too  much  water  is  injurious  to  it.  The  only 
safe  rule  is  to  use  first  enough  water  to  produce  a  con- 
crete that  is  workable  on  the  particular  job,  and  to  mix 
it  for  a  long  enough  time.  The  exact  amount  of  water 
cannot  be  stated  because — 

1.  The  materials  may  be  wet. 

2.  Fine  materials  require  more  water. 

3.  Coarse  materials  require  less  water. 

4.  A  rich  mixture  requires  a  relatively  less  amount 
of  water  to  produce  a  workable  concrete. 

It  is,  therefore,  important  for  the  concrete  worker  to 
learn  the  proper  appearance  of  good  concrete,  which  is 
of  such  a  consistency  that  it  is  workable  on  the  job  and 
to  watch  the  mixing  operation  with  a  view  to  time  and 
the  correction  of  materials  and  water.  Good  concrete 
never  has  isolated  batches  of  stone  or  mortar,  and  is  al- 
ways uniform  in  texture  and  color. 

Tests  show  the  following  effect  upon  the  strength  of 
concrete  of  various  percentages  of  water,  based  on 
weight  of  aggregate. 

From  "Concrete  Work"  by  Hatt  and  Voss,  Vol.  I. 


Comp.  strength  in 

Consistency 

%  of  water 

Pounds  per  sq.  in. 

Very  dry 

5.4 

2,500 

Dry  well  rammed 

5.4 

4,200 

Medium 

6.0 

5.200 

Wet 

9.2 

4,800 

Very  wet 

11.0 

3.500 

A  measure  of  consistency  was  devised  by  Prof.  Duff 
A.  Abrams,  of  the  Structural  Materials  Laboratory, 
Lewis  Institute.  This  method  of  measuring  consistency 
is  done  by  measuring  the  sag  or  shortening  of  a  concrete 
cylinder.  It  is  called  the  cylinder  slump  test.  There  is 
a  modification  of  this  called  the  cone  slump  test.  While 
both  of  these  tests  are  far  superior  to  the  old  method  of 
"eye"  and  "feel,"  they  fail  to  meet  fully  the  requirement 
of  such  a  test.    The  test  is  performed  as  follows : 

Mix  the  concrete  thoroughly,  adding  the  estimated 
amount  of  water.  Tamp  the  concrete  into  a  galvanized 
iron  mold  which  is  a  cylinder  6  inches  in  diameter  and 
12  inches  high.  The  cylinder  is  filled  in  two  layers.  Each 
layer  is  tamped  for  forty  strokes  with  a  5^-inch  round 
steel  rod  18  inches  long. 
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Then  draw  the  mold  up  off  the  specimen  and  note 
how  much  the  specimen  shortens  or  sags  in  height. 

A  relative  consistency  of  1.00  (normal  consistency) 
requires  the  use  of  such  a  quantity  of  mixing  water  as 
will  cause  a  slump  of  ^  to  1  inch  in  a  freshly  molded  6 
by  12  inch  cylinder  of  about  1 :4  mix  upon  withdrawing 
the  form  by  a  steady  upward  pull.  This  consistency  is 
somewhat  dry  for  most  concrete  work,  but  can  be  used 
where  light  tamping  is  practicable. 

A  relative  consistency  of  1.10  (10%  more  water  than 
required  for  normal  consistency)  is  about  the  dryest  con- 
crete which  can  be  satisfactorily  used  in  concrete  road 
construction.  This  consistency  will  give  a  slump  of  about 
5  to  6  inches. 

The  slump  test  is  not  a  very  satisfactory  method  of 
measuring  consistency. 

Another  method  of  measuring  the  consistency  of  con- 
crete was  recently  devised  in  the  concrete  laboratory  of 
the  U.  S.  Bureau  of  Standards,  Washington,  D.  C.  This 
method  appears  to  be  very  good.  The  consistency  is 
measured  by  an  apparatus  called  the  "flow  table." 

The  flow  table  consists  of  a  metal  covered  table  top 
which  can  be  raised  vertically  by  means  of  a  cam  work- 
ing at  the  end  of  a  vertical  post  to  which  the  top  is  at- 
tached. The  height  of  the  drop  can  be  adjusted  by  means 
of  a  bolt  at  the  lower  end  of  the  shaft.  A  mass  of  con- 
crete or  mortar  is  molded  at  the  center  of  the  table  in  a 
sheet  metal  mold,  which  has  the  shape  of  a  hollow  frus- 
tum of  a  cone.  For  aggregate  up  to  2  inches  minimum  size 
the  cone  has  a  height  of  6  inches  and  upper  and  lower 
diameters  of  8  inches  and  12  inches.  For  smaller  aggre- 
gates, when  made  up  in  small  quantities,  a  cone  having 
height  of  3  inches  and  upper  and  lower  diameters  of  4 
inches  by  6  inches  is  used.  The  mass  of  concrete  is  tamped 
sufficiently  to  completely  fill  the  form.  The  form  is  with- 
drawn and  the  table  dropped  15  times  through  a  distance 
of  yi  inch.  The  mass  flattens  and  usually  spreads  con- 
centrically. Two  diameters  at  right  angles  to  each  other 
are  measured,  the  long  and  short  diameter  if  the  differ- 
ence is  apparent,  by  means  of  a  self-reading  caliper  which 
is  so  graduated  that  the  sum  of  the  two  readings  is  the 
value  of  consistency,  which  may  also  be  calculated  by 
dividing  the  new  diameter  by  the  old  and  multiplying  by 
100. 

Comparisons  have  been  made  by  the  U.  S.  Bureau  of 
Standards  between  the  cone  slump  and  the  flow  ta- 
ble.   A  large  number  of  tests  were  made  and  averaged. 


Digitized  by 


Google 


Concrete  Consistency  73 

The  cone  slump  in  inches  and  the  flow  table  number  for 
a  1-2-3  gravel  concrete  is  thus  related:  Flow  table  num- 
bers 140,  150,  160,  170,  180,  190  correspond  to  inches  of 
slump  yi,  l}i,  1^,  2%,  2}i,  3J4,  respectively. 

The  flow  table  shows  a  uniform  change  in  flow  num- 
bers as  the  amount  of  water  increases.  The  cone  slump, 
however,  shows  a  sudden  increase  in  slump  when  the 
concrete  becomes  rather  wet. 

The  slump  is  more  erratic  than  the  flow  table. 

In  tests  that  have  just  been  completed  using  a  1-1 J/2- 
3  gravel  concrete  show  a  relation  between  cone  slump 
and  flow  table  as  follows: 

Flow  number  140,  150,  160,  170,  180  correspond  to 
inches  of  slump  yi,  1,  1^,  2%,  3. 
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DETERMINATION  OF  TRACTOR  ROLLING 
LOSSES 


By  M.  K.  Edmunds,  M.  E.  '21. 
As  the  internal  combustion  engine  was  developed, 
its  use  was  gradually  extended  until  it  found  its  way  into 
all  fields  of  human  activity. 

One  of  these  fields,  and  in  many  respects  the  most 
important,  is  the  basic  industry  of  agriculture.  With  the 
disappearance  of  frontiers  and  the  ever-increasing  urban 
population,  the  problem  of  more  intensive  farming  to 
meet  the  growing  demand  for  foodstuffs  became  the  par- 
amount social  and  economic  question.  A  more  intensive 
cultivation  of  fertile  regions  and  the  necessity  of  utiliza- 
tion of  less  productive  soil  required  better  farming  meth- 
ods and  equipment,  and,  above  all,  a  more  economical 
and  unfailing  power  to  supplement  the  inadequate  and 
expensive  animal  power.  As  a  result,  the  tractor  and 
tractor  industry  came  into  existence. 

At  present  there  are  at  least  one  hundred  and  fifty 
makes  of  tractors,  some  produced  by  long-established 
and  well-known  manufacturers.  An  investigation  of  the 
various  designs,  methods  of  rating  and  performance  rec- 
ords shows  such  diversity  of  ideas,  claims  and  results  as 
to  indicate  the  lack  of  definite  information  upon  which 
to  base  the  design  of  tractors. 

The  results  of  recent  tests  of  a  number  of  tractors 
show,  in  one  case,  that  only  33  per  cent,  of  the  power 
delivered  by  the  engine  at  the  pulley  appeared  at  the 
drawbar.  Another  tractor  under  the  same  conditions  de- 
livered 82  per  cent,  of  its  power  at  the  pulley  to  the 
drawbar,  showing  in  the  case  of  the  former  an  additional 
loss  of  approximately  SO  per  cent,  of  the  power  in  trans- 
mission and  rolling. 

The  physical  conditions  under  which  the  tractor  op- 
erates greatly  aflPect  the  power  output  for  the  quantity 
of  fuel  used.  It  is  evident  that  a  tractor  plowing  tough, 
sticky  clay,  soft  meadow  land,  or  loose  sandy  soil  will 
give  diflPerent  results  at  the  drawbar,  not  only  because  of 
the  difference  in  the  tractive  effort,  but  in  a  large  meas- 
ure'because  of  the  varied  rolling  loss.  This  loss  cannot 
be  entirely  eliminated,  but  if  it  can  be  accurately  meas- 
ured a  way  will  be  opened  for  such  changes  in  design  as 
will  materially  decrease  it. 

At  present,  according  to  the  information  at  hand, 
there  is  no  equipment  available  for  measuring  the  roll- 
ing loss  directly  in  the  field. 
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As  a  graduating  thesis,  under  the  direction  of  Prof. 
G.  C.  King,  of  the  School  of  Mechanical  Engineering, 
the  writer  is  designing  **A  Tractor  Attachment  for  Field 
Testing,"  or,  rather,  a  set  of  dynamometers  by  means  of 
which  an  exact  measurement  of  the  power  delivered  to 
the  tractor  at  the  periphery  of  the  drivers  and  the  power 
output  at  the  drawbar  can  be  made.  From  the  relation 
of  these  two,  the  distance  traveled  and  the  revolutions 
per  minute  of  the  drivers,  the  rolling  and  the  slippage 
losses  will  be  determined. 

The  attachment  will  consist  of  four  parts:  a  dyna- 
mometer for  measuring  the  power  input  at  the  periphery 
of  the  drivers ;  another  for  measuring  drawbar  pull ;  an 
apparatus  for  measuring  the  distance  traveled  and  the 
revolutions  of  the  drivers,  and  a  recording  device. 

The  power  input  at  the  drivers  will  be  determined 
from  the  amount  of  lift  of  the  front  end  of  the  tractor, 
resulting  from  the  pull  on  the  drawbar,  which  acts  as  a 
prony  brake  and  can  be  reduced  to  the  equation 

27rRNW 

B.H.P.  = 

33,000 
As  an  illustration,  let  us  assume  the  following  con- 
ditions: horizontal  distance  between  front  and  rear 
axles,  8  feet ;  diameter  of  drivers,  56  inches  or  4.67  feet ; 
speed  of  the  drivers,  15  r.  p.  m. ;  distance  traveled  per 
hour,  11,220  feet;  drawbar  pull,  1,500  pounds;  place  of 
hitching,  1  foot  below  the  horizontal  plane  of  the  rear 
axle;  the  amount  of  front  end  lift,  350  pounds. 

The  power  developed  by  the  tractor  at  the  peripTiery 
of  the  drivers : 

(1) 

2^X8X15X350       2»rXlXl5xi500 

T.  H.  P.  == 1 =12.28 

33,000  33,000 

Theoretical  drawbar  horse  power  computed  on  the 
basis  of  the  revolutions  per  minute  of  the  drivers,  disre- 
garding the  slippage : 

4.67X^X15X1500 

(2)  T.  D.  B.  H.  P. 10 

33,000 

Actual  drawbar  horse  power  computed  on  the  basis 
of  the  distance  traveled : 

11220X1500 

(3)  A.  D.  B.  H.  P. ^8.5 

33000X60 
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Power  loss  due  to  rolling  and  slippage  «-«12.28 — 8.5— 
3.78 

3.78  H.  P.  or —  30.81  per  cent. 

12.28 

Power  loss  due  to  rolling  =  12.28—10—2.28  H.  P.  or 
2.28 

—  18.58  per  cent. 

12.28 

Power  loss  due  to  slippage  —10 — 8.5—1.5  H.  P.  or 
1.5 

—  12.23  per  cent. 

12.28 

In  the  design  of  these  dynamometers  cognizance 
has  been  taken  of  the  difference  in  size,  design  and 
weight  of  the  tractors  in  use,  also  the  range  of  the  pos- 
sible drawbar  efforts.  As  the  successful  operation  of 
these  dynamometers  depends  on  the  maintenance  of  cer- 
tain pressures,  provision  has  been  made  to  maintain 
these  by  varying  the  sizes  of  the  working  parts.  Care  has 
also  been  taken  to  assure  sufficient  ruggedness  of  the  at- 
tachment to  withstand  the  hard  use  under  which  the 
tractors  as  a  rule  operate. 

The  addition  of  this  attachment  to  Purdue  Universi- 
ty's present  equipment  for  testing  tractofs  will  enable 
her  to  supplement  the  work  done  under  laboratory  con- 
ditions with  tests  performed  under  the  actual  conditions 
of  field  service,  and  thus  render  the  tractor  industry  in- 
valuable service  by  furnishing  definite  information  on 
the  subject  of  rolling  losses. 
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WHAT'S  WHAT  AT  A  SOPHOMORE  CIVIL  CAMP 


By  H.  H.  Bloemker,  C.  E.  '22, 

Everyone  knows  that  just  about  the  time  the  rest  of 
the  student  body  is  preparing  to  make  a  rush  for  the 
summer  cottage  or  a  grab  for  the  shining  silver  slivers, 
the  Sophomore  Civil  Engineers  are  hooking  a  train  or  a 
ferry  for  the  lakes,  woods,  swamps,  and  dunes  of  Michi- 
gan. Everyone  knows  that  when  we  reconvene  in  the 
fall  those  same  Civils  make  their  appearance  with  a  heavy 
coat  of  tan  and  a  suit  full  of  nice  empty  pockets.  But 
what  do  they  do  there  ?  To  what  manner  of  place  do  they 
go?  How  do  they  live?  What  is  the  practical  value  of 
the  work? 

The  camp  is  located  on  the  shores  of  Glen  Lake, 
Michigan,  on  the  Grand  Traverse  peninsula.  The  site  is 
far  from  any  railroad,  far  from  any  town  of  reasonable 
size,  and  not  easy  of  access.  However,  the  natural  con- 
ditions for  the  work  to  be  done  are  exceptional.  The  ter- 
rain is  a  conglomeration  of  steep  wooded  hills,  bald  glar- 
ing sand  dunes,  impenetrable  swamps  and  beautiful 
lakes.  Every  condition  which  might  confront  the  sur- 
veyor in  actual  work  may  be  found. 

And  actual  work  is  the  object  of  the  camp.  Prob- 
lems taken  up  during  the  last  camp  consisted  of  complete 
plans  for  a  highway  through  the  forests  and  hills  of  Lee- 
lanau county,  charting  Glen  Lake,  establishing  a  triangu- 
lation  system  over  the  entire  country  surrounding  the 
camp,  topographic  mapping  of  a  large  portion  of  this 
area,  and  determination  of  true  north  and  time,  by  polar 
and  solar  observation.  This  work  was  supplemented  by 
a  certain  amount  of  office  practice  and  drafting  work. 

In  the  planning  of  the  highway,  the  work  included  a 
reconnaissance  survey  by  each  party  of  six,  thirteen  of 
which  made  up  the  working  force  of  the  camp,  and  the 
running  of  a  preliminary  transit  line  and  level  circuit 
over  the  route  decided  upon.  This  data  was  then  mapped 
and  the  final  location  laid  out  on  paper.  This  line  was 
then  staked  out  in  the  field.  The  next  step  was  the  mak- 
ing of  complete  topographic  mapping  of  the  area  includ- 
ing the  final  and  original  lines.  This  served  as  a  pros- 
pectus for  the  entire  work.  A  final  line  of  levels  over 
the  actual  course  was  taken,  slope  stakes  for  the  purpose 
of  locating  the  dimensions  of  cut  and  fill  were  set,  and 
the  actual  amount  of  excavation  and  embankment  was 
computed.       The  work  was  identical  with  that  which 
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would  he  gone  through  in  actual  practice,  each  party  act- 
ing as  a  separate  unit  with  a  highway  of  its  own. 

In  making  surveys  of  large  areas  it  is  necessary  to 
establish  a  few  points  with  great  precision  in  order  to 
insure  the  accuracy  of  the  system  as  a  whole.  Such  a 
system  was  thrown  out  over  the  country  surrounding  the 
camp.  Eight  permanent  points  of  vantage  were  made  to 
serve  as  triangulation  stations^  and  the  definite  angular 
relation  of  each  to  the  other  was  determined.  The  actual 
distance  between  two  of  these  stations  was  then  meas- 
ured in  accordance  with  the  most  precise  method,  an  in- 
var steel  tape  supported  above  the  ground  on  stakes  and 
subjected  to  a  constant  pull  being  used.  Computations 
of  the  actual  distance  included  correction  for  tempera- 
ture variation,  for  sag,  for  slope  of  land,  for  tension,  and 
for  reduction  to  sea  level.  From  this  precisely  deter- 
mined base  line  the  actual  distance  from  each  point  in 
the  system  to  each  other  point  was  computed.  The  region 
was  then  mapped  with  this  system  as  a  base. 

Complete  soundings  of  the  lake  were  made  from 
boats  which  were  accurately  located  by  means  of  transits 
stationed  on  the  shore.  These  points  were  then  plotted, 
making  a  chart  of  the  lake. 

Observations  on  the  sun  were  made  with  both  the 
transit  and  the  sextant,  and  on  polaris  with  the  transit. 
These  observations  were  taken  for  data  in  computing  the 
local  mean  time,  mean  sidereal  time  and  true  north.  A 
course  in  descriptive  astronomy  was  administered  by  Dr. 
W.  K.  Hatt. 

The  instructional  staff  consisted  of  Dr.  W.  K.  Hatt, 
who  was  personally  in  charge  of  the  camp;  Prof.  W.  A. 
Knapp,  Prof.  G.  E.  Lommel,  Prof.  C.  C.  Cunningham, 
and  Air.  J.  H.  Parmer.  Mr.  W.  F.  Riehle  acted  as  curator. 
The  entire  faculty  body  lived  in  very  close  touch  with 
the  student  body,  and  a  very  congenial  camp  resulted. 

Recreation  was  plentiful.  The  camp  boasted  a  good 
baseball  team,  an  exceptional  orchestra,  some  fast  tennis 
players,  swimmers,  and  fishermen.  Hiking,  the  horse- 
shoe game  and  dancing  were  also  enjoyed. 

All  in  all,  the  Civil  camp  is  a  great  success.  It  gives 
the  student  the  practical  experience  which  he  could  not 
obtain  at  the  University,  but  which  is  necessary  in  get- 
ting the  usual  position.  It  unites  the  students  in  them- 
selves and  with  the  instructional  staff.  It  takes  up  a  wide 
range  of  work.  It  is  conducive  to  good  health  and  clean 
living.  A  summer  spent  at  camp  is  indeed  a  paying 
proposition  for  the  student  in  Civil  Engineering. 
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PURDUE  BRANCH   OF  AMERICAN   INSTITUTE 
OF  ELECTRICAL  ENGINEERS 


The  first  departmental  society  in  the  School  of  Elec- 
trical Engineering  originated  a  little  more  than  twenty- 
four  years  ago  when  the  *' Electrical  Society  of  Purdue 
University"  drew  up  a  constitution  on  February  5,  1897. 
Suffrage  was  limited  to  juniors  and  seniors,  but  the  other, 
under-graduates  were  permitted  to  hold  associate  mem- 
bership. This  society  continued  under  the  above  name 
for  six  years  and  then,  by  the  efforts  of  Prof.  W.  E. 
Goldsborough,  head  of  the  Electrical  School  at  that  time, 
was  transformed  into  the  far  more  stable  form  of  "Pur- 
due Branch  of  American  Institute  of  Electrical  Engi- 
neers.'' A  few  months  later  a  subdivision  was  founded 
which  had  separate  officers  and  meetings  and  which  was 
termed  the  "Telephone  Section"  of  the  Branch.  This 
form  did  not  prove  to  be  so  efficient  as  might  have  been 
expected  and  which  resulted  in  the  combination  of  the 
two  organizations.  On  April  9,  1918,  a  revision  of  the 
constitution  and  by-laws  was  made  which  has  remained 
intact  since  that  date.    At  present  there  are  130  members 
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of  the  local  branch  and  109  student  members  of  the  Na- 
tional Institute. 

The  object  of  the  branch  is  to  advance  and  dissemi- 
nate electrical  knowledge  among  its  members  and  to  af- 
ford a  means  of  independent  activity  for  the  students. 

Meetings  are  held  every  other  week,  at  which  time 
outside  speakers  are  arranged  for  and  movies  are  shown 
whenever  possible. 

The  meetings  held  this  year  are  as  follows : 

Sept.  25,  1920— "Membership  of  A.  I.  E.  E./'  by  Prof.  A. 

N.  Topping  and  Prof.  D.  D.  Ewing. 

"Engineering  Societies/'  by  Dean  Potter. 

"Field  of  Electric  Railways,"  by  Prof.  C. 

F.  Harding. 

Oct.  19,  1920— "Sound  Ranging,"  by  Prof.  L.  D.  Rowell. 
Nov.  9,  1920— "Transformers,"  by  Mr.   E.  A.  Wagner, 

of  G.  E.  Co. 
Nov.  23,  1920— "Transformer  Costs,"  by  Mr.  J.  G.  Bailey. 
Dec.  14,  1920— "Hydraulic  Turbines,"  by  Mr.  D.  J.  Mc- 

Cormack. 
Jan.   11,  1921 — "Queen  of  the  Waves,"  movie  film. 
Feb.     1,  1921— "High  Voltage  Demonstration,"  by  Mr. 

K.  B.  McEachron. 
The  most  successful  meeting,  however,  was  a  com- 
bined gathering  with  the  Indianapolis-Lafayette  Section 
held  in  the  form  of  a  banquet  at  Fowler  Hotel.  The  main 
speaker  of  the  evening  was  A.  W.  Berresford,  president 
of  the  National  Institute,  his  subject  being,  "The  Profes- 
sional Man  and  the  Operation  of  American  Institute  of 
Electrical  Engineers.^' 

OFFICERS 

Prof.  C.  F.  Harding,  Chairman. 

Prof.  A.  N.  Topping,  Secretary. 

W.  A.  Clark  '21,  Student  Chairman. 

E.  R.  Moore  '21,  Student  Vice-Chairman 

G.  R.  Dittwe  '21,  Student  Secretary. 

J.  H.  Dagenhardt  '21,  Student  Treasurer. 

EXECUTIVE  BOARD 

W.  A.  Clark  '21  F.  A.  Hamilton  '21 

E.  R.  Moore  '21  C.  R.  Hanna  '22 

G.  R.  Dittwe  '21  E.  W.  Mcllvain  '23 

J.  H.  Dagenhardt  '21 
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PURDUE  STUDENT  SECTION 

AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS 


The  national  organization  of  the  American  Society  of 
Mechanical  Engineers  recognized  the  requests  of  student 
societies,  and  in  1907  authorized  the  formation  of  student 
branches.  In  1908  such  branches  were  formed  at  Stevens 
Institute  of  Technology  and  Cornell  University.  Purdue 
was  the  third  university  to  request  a  branch,  and  was  one 
of  thirteen  to  be  organized  in  1909.  At  present  there  are 
forty-nine  student  branches.  The  national  society  re- 
quires that  each  student  branch  elect  a  member  of  the 
faculty  as  honorary  chairman.  Each  branch  is  governed 
independently  by  its  own  constitution  and  by-laws,  sub- 
ject to  certain  limitations. 

This  year  has  been  marked  by  a  growth  in  member- 
ship of  the  local  branch,  and  the  semi-monthly  meetings 
have  been  very  interesting.  The  following  is  an  outline 
of  the  addresses  which  have  been  delivered  at  these 
meetings  during  the  first  semester : 

At  the  first  get-together  meeting  of  the  year,  Dean 
Potter  spoke  on  the  activities  of  the  A.  S.  M.  E.  and 
urged  that  the  attendance  be  kept  up.  Professor  Young 
spoke  on  'The  Man  Who  Puts  OflF  a  Task  Until  Tomor- 
row." The  next  meeting  was  of  a  more  technical  nature. 
Professor  Ludy  choosing  as  his  topic  "The  Value  and 
Use  of  Condensers  in  Steam  Power  Plants/'  illustrating 
his  address  with  slides  of  condensers  and  vacuum  pumps. 
At  this  meeting,  also,  Dr.  Moran  gave  a  short  talk  on  the 
Purdue  Union.  Dean  Potter  brought  up  many  interest- 
ing points  in  his  discussion  of  "The  Engineer  and  Busi- 
ness Correspondence"  at  the  following  meeting. 

The  first  practicing  engineer  to  give  an  address  was 
Mr.  A.  R.  Martin,  '08,  of  the  Allis-Chalmers  Co.,  who 
spoke  on  the  recent  developments  of  hydraulic  turbines. 
He  had  models  of  several  types  of  turbine  runners  and 
also  showed  slides  giving  the  latest  developments  in 
turbine  draft  tubes.  After  the  next  meeting,  at  which 
Professor  Young  spoke  on  "The  Conservation  of  Power 
and  Resources  of  the  Country/*  came  the  last  two  meet- 
ings of  the  semester,  at  which  addresses  were  given  by 
practicing  enginers,  Mr.  J.  B.  Wise,  engineer  of  the 
Cleveland-Osborn  Manufacturing  Co.,  and  Mr.  Louis 
Ruthenberg,  of  the  Dayton  Engineering  Laboratories 
Co.  Mr.  Wise  spoke  on  "Foundry  Practice  in  Making 
Machinery,"  bringing  out  the  advantages  of  molding  ma- 
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chines  and  the  types  of  patterns  used  in  thera.  Mr.  Ruth- 
enberg  gave  an  idea  of  the  broad  outlook  an  engineer 
should  have.  In  his  address  on  "The  Business  of  En- 
gineering," he  brought  out  the  fact  that  an  engineer  must 
use  traditions,  formulas,  and  rules  to  accomplish  his  pur- 
pose, and  not  be  held  back  by  them. 


•    THE  CHEMICAL  ENGINEERING  SOCIETY 

The  nucleus  out  of  which  the  Chemical  Engineering 
Society  at  Purdue  has  grown  had  its  beginning  in 
1911.  In  1913  a  constitution  was  adopted  in  which  the 
organization  was  given  the  name  of  The  Chemical  En- 
gineering Society  of  Purdue  University.  At  that  time 
about  forty-five  members  were  enrolled  on  its  books, 
while  at  the  present  time  it  can  boast  of  a  membership 
up  in  the  two-hundreds.  The  chief  object  of  the  society 
is  to  cultivate  an  interest  in,  and  a  knowledge  of,  the 
current  work  in  chemistry  and  chemical  engineering. 

The  first  meeting  of  the  current  year  was  held 
November  5,  1920,  in  the  Y.  M.  C.  A.  Hut,  a  very  informal 
gathering  where  every  one  had  splendid  opportunities  to 
become  acquainted.  Interesting  talks  were  given  by 
members  of  the  faculty,  Prof.  H.  C.  Peffer  closing  the 
program  with  a  few  words  which  he  purposely  made 
short  in  order  that  the  cider,  doughnuts,  pie,  and  apples 
might  be  properly  taken  care  of. 

The  society  has  been  instrumental  in  engaging  the 
services  of  several  highly  trained  men  to  speak  at  Pur- 
due. On  November  11,  1920,  at  an  open  meeting  mem- 
bers of  the  University  took  advantage  of  the  opportunity 
of  hearing  Mr.  S.  R.  Rectamus,  TO,  deliver  an  illustrated 
lecture  on  Armco  iron.  Mr.  Rectamus,  in  his  present 
position  at  the  American  Rolling  Mills  Co.,  at  Middle- 
town,  Ohio,  has  had  a  share  in  the  development  of  Arm- 
co iron,  one  of  the  most  important  of  the  late  advances 
in  the  metallurgy  of  iron. 

Mr.  R.  D.  Oilar,  another  Purdue  graduate  of  the  TO 
class,  an  authority  on  vegetable  oils,  gave  an  interesting 
talk  before  the  society  December  15,  1920,  on  "New 
Vegetable  Oil  Refineries."  Mr.  Oilar  has  charge  of  the 
oil  equipment  division  of  the  Brecht  Company,  the 
largest  manufacturers  ,of  packing  house  machinery  in  the 
United  States,  developing,  promoting,  and  selling  ma- 
chinery for  the  manufacture  of  vegetable  oils. 
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February  8,  1921,  under  the  auspices  of  the  society 
and  Phi  Lambda  Upsilon,  Brigadier-General  Amos  A. 
Fries,  head  of  the  U.  S.  Chemical  Warfare  Service,  visited 
the  Campus.  His  lectures  on  '^Engineering  in  Chemical 
Warfare'*  drew  capacity  crowds.  When  he  was  made 
chief  of  the  American  Chemical  Warfare  Service  in 
France  in  August,  1918,  he  was  faced  by  tremendous 
odds,  as  the  American  army  had  little  knowledge  of  gas 
warfare.  To  build  up  a  personnel  of  chemically  trained 
officers  was  a  difficult  task  in  itself,  but  his  accomplish- 
ments take  on  an  aspect  of  the  miraculous  when  it  is 
noted  that  at  the  signing  of  the  armistice  his  command 
consisted  of  more  than  six  hundred  officers  and  three 
thousand  men. 

The  society  considers  itself  very  fortunate  in  being 
able  to  bring  such  men  as  these  to  our  University. 


CO-OPERATION    BETWEEN   THE  SCHOOL   OF 

CIVIL  ENGINEERING  AND  THE  STATE 

OF  INDIANA 


The  School  of  Civil  Engineering  has  direct  contact 
with  the  affairs  of  the  State  of  Indiana  through  the  offi- 
cial Road  School  for  County  Road  Superintendents,  and 
through  the  Laboratory  for  Testing  Materials,  which  is 
the  official  testing  laboratory  of  the  Indiana  Highway 
Commission,  and  through  the  appointment  of  Professor 
W.  K.  Hatt  as  State  Engineer  for  the  Department  of 
Conservation.  The  legislature  last  winter  created  the 
Division  of  Engineering  in  the  State  Conservation  Com- 
mission, the  main  work  of  which  is  in  the  control  of  the 
waters  of  the  State  in  respect  to  their  levels  and  their 
purity,  canals  and  water  power.  General  engineering 
services  for  other  State  boards  will  be  rendered  and  the 
topographic  survey  of  the  State. 
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PURDUE  •  STUDENT    BRANCH    AMERICAN    SO- 
CIETY OF  CIVIL  ENGINEERS 


D.  A.  Leach,  *21,  President 

L.  Earl,  '23,  Secretary 

N.  E.  Manville,  '22,  Treasurer 

The  Purdue  Student  Branch  of  the  American  Society 
of  Civil  Engineers  was  established  in  March,  1921.  The 
former  Purdue  Society  of  Civil  Engineers,  merged  into 
this  organization,  was  established  in  1895.  For  a  term  of 
years  it  published  a  yearly  volume  of  transactions  called 
"The  Purdue  Civil  Engineer,"  later  merged  into  the  Pur- 
due Engineering  Review. 

The  American  Society  of  Civil  Engineers  has  been 
distinguished  for  its  high  ideals  and  high  professional 
standards.  Eighty  per  cent  of  its  membership  graduated 
from  colleges. 
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Soluing  Lubricdtinq 
Problems 


•T^E  most  importanl  factor  in  iheoper- 
*■    alion  of  anq  mechanical  unit,  iphelher 
it  be  a  simple  machine  or  complex  pou?er 
plant,  is  lubrication. 

■pUERy  mechanical  detail  maij  be  per- 
^  feet,  but  if  lubrication  \$  faulty,  maxi^- 
mum  operating  ejiciencij  is  impossible. 

1  j  "^E  of  er  in  our  Superla  brands  of  Oils 
^^^  and  Qreases  a  line  of  special  lubri" 
cants  u?hich  are  made  to  meet  the  exact^- 
ing  requirements  of  careful  engineers. 
If  for  anq  reason  ijou  are  unalDle  to  get 
the  exact  results  qou  desire,  U7e  mill  be 
glad  to  offer  the  assistance  of  our 
engineering  staff. 


Standard  Oil  Company 

(Indiana) 
010  So.  Michigan  Ave.  Chicago.  U.  S.  A. 
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CORRECT  ENGINEERING 
DESIGN  FOR  PRODUCTION 


LeBlond  lathes  are  designed  to  meet  an  existing 
demand  for  Heavy  Duty  work.  A  careful  survey 
of  this  field  has  been  made  and  its  requirements 
and  possibilities  analyzed.  As  a  result  the  fea- 
tures of  LeBlond  lathes  are  original.  With  this 
definite  purpose  in  view  we  have  established  lathes 
of  quality,  characterized  by  their  Power,  Rigidity, 
Convenience,  and  Accuracy. 

The  best  proof  is  their  performance.  They  have 
been  adopted  as  a  standard  in  the  principal  auto- 
motive and  railroad  shops  in  the  country. 


The  R.  K.  LeBLOND  MACHINE  TOOL  CO. 

CINCINNATI.  OHIO 
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